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OIL  AND  GAS  DEVELOPMENTS 
IN  PENNSYLVANIA  IN  1987 

by 

John  A.  Harper  and  Cheryl  L.  Cozart 


ABSTRACT 

Oil  production  in  Pennsylvania  totaled 
3,301,763  barrels  in  1987,  a 13  percent  de- 
crease from  1986  production.  Oil  reserves  de- 
creased 7 percent,  from  49,223,000  barrels  in 
1986  to  45,921,000  barrels  in  1987.  Leading 
counties  for  production  of  oil  were  Warren, 
Elk,  McKean,  and  Venango.  In  1987  secondary 
recovery  of  oil  in  the  Bradford  field  accounted 
for  only  14  percent  of  the  state  total. 

Gas  production  increased  2 percent,  from 
159,889  million  cubic  feet  in  1986  to  163,318 
million  cubic  feet  in  1987.  Gas  reserves  de- 
creased 2 percent,  from  2,053,536  million  cu- 
bic feet  in  1986  to  2,012,673  million  cubic  feet 
in  1987.  Stored  recoverable  gas  decreased 
slightly,  from  585,812  million  cubic  feet  in  1986 
to  585,543  million  cubic  feet  in  1987. 

The  price  for  crude  oil  and  oil  products  in- 
creased slightly  during  the  first  half  of  1987, 
but  eventually  declined  so  that  the  price  in 
December  was  the  same  as  the  price  in  the 
beginning  of  the  year.  The  price  of  Penn  Grade 
Crude  oil  started  the  year  at  $16.00  per  barrel 
and  ended  the  year  at  $16.00  per  barrel.  Most 
new-gas  prices  were  subject  to  Natural  Gas 
Policy  Act  price  ceilings.  The  well-head  price 
of  one  thousand  cubic  feet  of  natural  gas 
ranged  from  a low  of  $0.25  under  old  contracts 
to  $6.50  for  “tight”  gas  (NGPA  Section  107, 
High-Cost  Gas).  The  average  price  for  gas  was 
about  $2.25. 

The  total  number  of  wells  reported  drilled 
in  1987  was  2,085,  a 29  percent  decrease  from 
1986.  Total  footage  drilled  was  5,709,665  feet, 
a 31  percent  decrease.  The  total  number  of  oil 
wells  reported  was  944,  a decrease  of  12  per- 
cent over  the  1986  figure  of  1,077.  The  most 
active  county  for  oil  well  drilling  was  Warren, 
accounting  for  77  percent  of  all  oil  wells 
drilled  in  the  state.  A total  of  996  gas  wells 
was  reported  in  1987  for  a 38  percent  decrease 


from  1986.  The  most  active  counties  for  gas 
well  drilling  were  Indiana,  Armstrong,  Clear- 
field, Crawford,  and  Erie,  accounting  for  57 
percent  of  all  gas  wells  drilled  in  the  state. 
There  were  9 combination  oil  and  gas  wells 
reported  in  1987,  a decrease  of  84  percent  over 
1986.  Most  of  these  wells  were  drilled  in  Erie, 
Potter,  and  Warren  Counties. 

Development  drilling  in  1987  decreased  30 
percent,  to  1,937  wells.  Exploratory  drilling  de- 
creased by  26  percent  in  the  same  period, 
from  103  wells  reported  in  1986  to  76  wells  re- 
ported in  1987.  The  success  rate  for  develop- 
ment drilling  was  98  percent;  it  was  74  percent 
for  exploratory  drilling. 

Seismic  exploratory  activity  increased  by  71 
percent,  from  4.39  crew-months  in  1986  to  7.5 
crew-months  in  1987.  Seismic  crews  operated 
in  seven  counties  in  Pennsylvania  during  the 
year. 

Project  activity  within  the  Oil  and  Gas  Ge- 
ology Division  of  the  Pennsylvania  Geological 
Survey  in  1987  included  continued  updating 
of  the  oil  and  gas  base  map  series,  comple- 
tion of  a study  of  Pennsylvania’s  oil  and  gas 
reservoir  rocks,  and  the  initiation  of  two  new 
projects  dealing  with  source-rock  geochemis- 
try and  coal-bed  methane  resources. 

INTRODUCTION 

This  annual  report  of  oil  and  gas  drilling  and  pro- 
duction in  Pennsylvania  is  based  for  the  most  part 
on  drillers’  well  records  and  location  plats  filed  with 
the  Bureau  of  Oil  and  Gas  Management,  Penn- 
sylvania Department  of  Environmental  Resources. 
The  statistics  of  oil  and  gas  drilling  are  compiled 
only  from  the  records  received  during  the  calendar 
year.  This  includes  records  of  wells  drilled  prior  to, 
but  reported  in,  1987;  it  does  not  include  1987  wells 
for  which  records  were  submitted  to  the  Com- 
monwealth after  December  31,  1987. 
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PRODUCTION  AND  RESERVES 

CRUDE  OIL  PRODUCTION 

Pennsylvania’s  crude  oil  industry  produced 
3,301,763  barrels  (bbl)  of  Penn  Grade  crude  oil  in 
1987,  a 13  percent  decrease  from  the  1986  produc- 
tion total  of  3,783,087  bbl.  Most  of  this  produc- 
tion was  from  Upper  Devonian  and  Lower  Silurian 
reservoirs,  but  there  was  probably  some  subsidiary 
production  from  Pennsylvanian  and  Mississippian 
reservoirs.  Lower  Silurian  Medina  Group  sand- 
stones in  Erie  and  Crawford  Counties  produced 
134,580  bbl  of  crude  oil,  a decrease  of  18  percent 
over  the  previous  year.  See  Figure  1 for  a summary 
of  these  statistics. 

Figure  2 illustrates  the  amount  of  oil  produced 
and  the  total  number  of  producing  oil  wells  in  Penn- 
sylvania in  1987,  by  county.  The  leading  counties 
for  oil  production  during  the  year  were  Elk,  War- 
ren, McKean,  and  Venango,  in  that  order.  These 


Figure  1 . Crude  oil  production  in  Pennsylvania, 
1987. 


Percent 

Cumulative 

Penn  Grade  oil 1 

1987 

1986 

change 

to  12/31/87 

Shallow  oil2 

3,167 

3,619 

-13 

1,328,200 

Deep  oil3 

135 

164 

-18 

1,758 

TOTAL  OIL 

3,302 

3,783 

-13 

1,329,958 

'in  1,000  barrels. 

2Shallow  oil:  from  Late  Devonian  or  younger  rocks,  generally  less  than 
2,000  feet  deep. 

3Deep  oil:  from  Lower  Silurian  Medina  Group. 


four  counties  were  responsible  for  88  percent  of  the 
total  oil  produced  in  Pennsylvania. 

DEVELOPED  CRUDE  OIL  RESERVES 

Developed  crude  oil  reserves  in  Pennsylvania 
totaled  45,921,000  bbl  at  the  end  of  1987.  This 
figure  represents  a 7 percent  decrease  from  the  1986 
total  of  49,223,000  bbl.  The  areas  having  the  highest 
oil  reserves  in  the  Commonwealth  included  the 
fields  of  McKean,  Elk,  and  Potter  Counties,  the 
“middle  district”  (Venango,  Forest,  and  Clarion 
Counties),  and  Warren  County.  Economically 
recoverable  reserves  declined  in  all  areas,  however, 
due  to  the  general  impact  of  low  prices,  and  the 
federal  injection-control  law.  Figure  3 shows  crude 
oil  reserve  statistics  by  shallow  and  deep  reservoirs. 

ENHANCED  OIL  RECOVERY 

Pennsylvania’s  oil  industry  reported  53  new  fluid- 
injection  wells  and  11  new  core  test  wells  in  1987. 
The  core  test  wells  may  be  used  for  stratigraphic 
purposes,  for  analyzing  reservoir  rocks  for  their 
geologic  and  engineering  characteristics  prior  to 
fluid  injection,  or  for  analyzing  the  reservoir  dur- 
ing or  after  fluid  injection  to  see  how  well  the 
enhanced  oil  recovery  techniques  are  working.  Elk 
County  had  the  most  enhanced  oil  recovery  wells 
in  1987,  including  50  water-injection  wells  and  5 
core  test  wells.  In  addition,  Warren  County  re- 
ported 3 gas-injection  wells,  McKean  County  had 
5 core  test  wells,  and  Washington  County  had  2 core 
test  wells. 

The  Bradford  field  in  McKean  County  is  the  first 
field  in  which  large-scale,  intentional  waterflooding 
was  attempted.  Flooding  probably  began  by  acci- 
dent sometime  in  the  late  1800’s,  and  intentional 
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Figure  2.  Oil  wells  and  crude  oil  produced  in  Pennsylvania  in  1987  and  1986,  by 
counties. 


County 

Crude  oil 

production  (barrels) 
1987  1986 

Number  of 
producing  oil 
wells 

12/31/87  12/31/86 

Allegheny 

58,052 

70,420 

213 

233 

Armstrong  

10,169 

7,589 

96 

75 

Beaver  

19,463 

37,184 

99 

95 

Bradford  

174 

0 

1 

0 

Butler 

60,574 

60,350 

538 

535 

Clarion  

28,564 

28,649 

279 

269 

Clearfield 

1,133 

869 

12 

10 

Crawford  

108,193 

145,029 

90 

252 

Elk 

727,478 

710,545 

35 

34 

Erie 

22,193 

15,825 

135 

121 

Fayette 

148 

35 

2 

2 

Forest  

160,392 

205,188 

441 

489 

Greene  

23,265 

23,966 

360 

355 

Indiana 

5,746 

6,723 

329 

283 

Jefferson 

3,436 

4,609 

82 

74 

Lawrence 

66 

100 

2 

2 

McKean 

422,267 

664,717 

5,846 

6,894 

Mercer 

12,535 

10,464 

196 

159 

Potter  

14,401 

13,841 

69 

67 

Venango  

383,051 

504,338 

1,720 

1,705 

Warren  

711,818 

759,919 

2,388 

2,292 

Washington  

72,989 

93,115 

238 

251 

Westmoreland 

24,228 

14,226 

84 

74 

Unknown  

96,680 

41,966 

— 

— 

TOTAL 

2,967,015 

3,419,667 

13,255 

14,271 

Figure  3.  Crude  oil  reserves  in  Pennsylvania, 
1987. 


Percent 

Reserves' 

1987 

1986 

change 

Shallow  oil2 

45,478 

48,645 

- 7 

Deep  oil3 

443 

578 

-23 

TOTAL  OIL 

45,921 

49,223 

- 7 

'In  1,000  barrels. 

2Shallow  oil:  from  Late  Devonian  or  younger  rocks,  generally 
less  than  2,000  feet  deep. 

3Deep  oil:  from  Lower  Silurian  Medina  Group. 

flooding  began  soon  after.  It  was  not  until  the  ear- 
ly 1900’s,  however,  that  noticeable  production  en- 
hancement became  apparent.  Since  that  time,  most 


of  the  Bradford  field  has  been  under  waterflood. 
Figure  4 shows  the  changes  in  oil  production  in 
Pennsylvania  since  Drake’s  well  was  drilled  in  1859, 
and  the  changes  in  oil  production  in  the  Bradford 
field.  It  should  be  noted  that  in  1987  the  Bradford 
field  produced  only  13  percent  of  the  total  state  pro- 
duction. 

There  are  presently  no  tertiary  oil  recovery  proj- 
ects in  operation  in  Pennsylvania. 

NATURAL  GAS  PRODUCTION 

Pennsylvania’s  natural  gas  production  increased 
in  1987  by  2 percent,  from  the  1986  total  of  159,889 
million  cubic  feet  (Mmcf)  to  163,318  Mmcf.  The 
number  of  producing  gas  wells  increased  1 percent 
to  an  estimated  28,000.  Figure  5 shows  1987  gas 
production  statistics  for  Pennsylvania.  Included  is 
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Figure  4.  Annual  production  of  crude  oil  in  Pennsylvania,  1859-1987. 


Figure  5.  Natural  gas  production  in  Penn- 
sylvania, 1987. 


Percent 

Cumulative 

'1987 

'1986 

change 

to  12/31/87' 

Shallow  gas2 

122,944 

124,070 

- 1 

— 

Deep  gas3 

40,374 

35,819 

+ 13 

— 

TOTAL  GAS 

163,318 

159,889 

+ 2 

10,393,388 

!In  millions  of  cubic  feet. 

2Shallow  gas:  from  Late  Devonian  or  younger  rocks;  generally  less  than 
4,000  feet  deep. 

3Deep  gas:  from  Middle  Devonian  or  older  rocks;  generally  more  than 
4,000  feet  deep. 

a general  breakdown  of  gas  production  by  shallow 
and  deep  reservoirs. 

NATURAL  GAS  RESERVES 

Proven  recoverable  reserves  of  natural  gas  in 
Pennsylvania  decreased  2 percent  to  2,012,673 


Mmcf  in  1987.  Figure  6 shows  natural  gas  reserve 
figures  for  Pennsylvania  in  1987,  and  Figure  7 
graphically  illustrates  the  differences  among  pro- 
duction, consumption,  and  reserves  of  natural  gas 
since  1946. 

NATURAL  GAS  STORAGE  AREAS 

Because  Pennsylvania  has  traditionally  consumed 
more  natural  gas  than  it  has  been  able  to  produce, 
the  natural  gas  industry  stores  gas  in  large  quan- 
tities in  the  summer  months  to  at  least  partially  en- 
sure an  adequate  supply  during  the  winter.  Storage 
reservoirs  are  typically  old  depleted  gas-producing 
reservoirs,  or  bodies  of  rock  whose  geological  and 
engineering  characteristics  would  have  made  them 
ideal  reservoirs  had  natural  gas  been  emplaced  in 
them.  In  Pennsylvania  all  of  the  major  gas- 
producing  horizons  have  been  used  at  one  time  or 
another  as  storage  reservoirs,  but  the  most  common 
reservoirs  are  Upper  Devonian  Bradford  and  Ve- 
nango Group  sandstones  and  fractured  reservoirs 
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Figure  6.  Natural  gas  reserves  in  Pennsylvania, 
19 87. 


' 1987 

' 1986 

Percent 

change 

Total  gas 

2,012,673 

“2,053,536 

_ 2 

Stored  recover- 

585,543 

585,812 

- */2 

able  gas 

'in  millions  of  cubic  feet. 
"Correction. 


in  the  Ridgeley  Sandstone.  In  Figure  8 the  locations 
are  shown  and  the  names  listed  for  all  active  gas 
storage  areas  in  Pennsylvania  in  1987.  No  changes 
were  made  in  the  status  of  any  of  Pennsylvania’s 
storage  areas  in  1987.  There  were  6 wells  reported 
in  1987  for  gas  storage.  Recoverable  gas  in  storage 
totaled  585,543  Mmcf  in  1987  as  compared  with 
585,812  Mmcf  in  1986.  This  represents  a very  slight 
decrease  (less  than  1/2  percent)  over  last  year. 

OIL  AND  GAS  PRICES 

The  price  for  crude  oil  in  Pennsylvania  increased 
slightly  during  the  first  half  of  1987.  The  price, 
however,  eventually  decreased  during  the  second 
half  and  completed  the  year  where  it  began.  Penn 
Grade  crude  oil  sold  for  $16.00  per  barrel  on  Janu- 
ary 1,  1987,  and  rose  to  a high  of  $19.00  on  July 
15.  The  price  then  declined  to  $16.00  on  December 
21.  Changes  in  crude  oil  pricing  in  1987  are  shown 
in  Figure  9. 

Natural  gas  prices  have  been  subject  to  controls 
under  the  Natural  Gas  Policy  Act  (NGPA)  since 
1978.  The  pricing  structure  of  the  NGPA  raised  nat- 
ural gas  prices  gradually  since  then  in  order  to  pro- 
vide operators  with  more  realistic  product  prices. 
The  lowest  prices  paid  by  utilities  in  Pennsylvania 
were  for  old  gas,  subject  to  old  contracts,  produced 
from  pre-NGPA  wells.  Prices  as  low  as  $0.25  per 
thousand  cubic  feet  (Mcf)  are  common  for  gas 
bought  under  old  contracts  in  some  of  the  older  pro- 
ducing areas  of  the  Commonwealth.  Some  NGPA- 
pricing  categories  were  deregulated  on  January  1, 
1986.  However,  the  highest  price  allowed  for 
NGPA-regulated  gas  was  $6.50  per  Mcf  for  Section 
107  (High-Cost  Gas,  in  this  case  the  price  allowed 
for  gas  from  “tight  formations”  such  as  the  Lower 
Silurian  Medina  Group  and  certain  Upper  Devo- 
nian sandstones).  Because  of  the  nationwide  gas 
“glut,”  however,  the  highest  price  paid  was  $5.05 
per  Mcf.  The  average  price  for  gas  was  approxi- 


mately $2.25  per  Mcf.  Figure  10  shows  NGPA  price 
ceilings  for  natural  gas  during  1987. 

DRILLING  AND  COMPLETION  COSTS 

The  costs  of  drilling  and  completing  a well,  given 
below  in  dollars  per  foot,  vary  with  the  company, 
drilling  depth,  method  of  completion,  and  geo- 
graphic area.  Costs  generally  increase  yearly  due  to 
inflation,  but  they  may  decline  if  the  prices  for  fossil 
fuels  (needed  in  manufacturing  and  transporting 
casing,  cement,  etc.)  decline.  Prices  typically  in- 
crease as  total  depth  increases,  especially  for  wells 
that  penetrate  deeper,  undrilled  or  untested  forma- 
tions. Dry  holes  are  generally  less  expensive  than 
producing  wells  because  not  as  much  is  done  to  the 
hole  except  drilling  and,  perhaps,  logging.  Extreme- 
ly deep  wells  may  be  extraordinarily  expensive,  not 
just  because  of  increased  rig  time  and  increased  cas- 
ing, cementing,  and  other  needs,  but  because  pro- 
visions must  be  made  for  potential  unforeseen  prob- 
lems. Wells  drilled  in  untested  formations  and/or 
unexplored  areas  may  require  special  testing  and 
completion  techniques  as  well.  In  Pennsylvania  an 
average  well  would  be  drilled  about  2,749  feet  deep 
(the  average  total  depth  for  all  wells  reported  in 
1987),  probably  to  the  Upper  Devonian  Venango 
or  Bradford  Group.  As  such,  a deep  well  (Lower 
Devonian  Ridgeley  Sandstone  or  Lower  Silurian 
Medina  Group)  is  generally  greater  than  5,000  feet 
deep,  and  anything  deeper  than  10,000  feet  is  con- 
sidered ultra  deep. 

Because  drilling  conditions  and  company  policies 
vary  widely,  even  within  a small  geographic  area, 
the  drilling  costs  listed  below  are  only  estimates  and 
should  not  be  used  as  anything  more  than  “ball- 
park” figures  for  the  industry  in  1987. 

1.  Venango  County,  shallow  oil  well  in  the 
Venango  Group  sandstones,  about  800  feet 
deep.  Dry  hole,*  about  $28  per  foot.  Comple- 
tion, about  $31  per  foot. 

2.  McKean-Elk  County  area,  shallow  oil  well  in 
the  Bradford  Group  sandstones,  about  2,400 
feet  deep.  Dry  hole,*  about  $10  per  foot. 
Completion,  about  $15  per  foot. 

3.  Indiana-Cambria-Clearfield  County  area, 
shallow  gas  well  in  the  Bradford  Group  sand- 
stones, about  3,500  feet  deep.  Dry  hole,* 
about  $20  per  foot.  Completion,  about  $35 
per  foot. 

4.  Fayette-Westmoreland  County  area,  shallow 
gas  well  in  the  Bradford  Group  sandstones, 
about  4,000  feet  deep.  Dry  hole,*  about  $24 
per  foot.  Completion,  about  $44  per  foot. 
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Figure  7.  Production,  consumption,  and  reserves  of  natural  gas  in  Pennsylvania. 
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Figure  8.  Active  natural  gas  storage  areas  of  Pennsylvania. 


NAMES  OF  ACTIVE  GAS  STORAGE  AREAS  IN  PENNSYLVANIA 


ALLEGHENY  COUNTY 

1 . Bunola 

2.  Gamble-Hayden 

3.  Tepe 

4.  Murrysville  (Dice) 

5.  Smith-Parke 

ARMSTRONG  COUNTY 

6.  Fair  and  Helm 

7.  South  Bend 


BEAVER  COUNTY 

8.  Black  Hawk 

BEDFORD  COUNTY 

9.  Artemas  A 

10.  Artemas  B 

BUTLER  COUNTY 

1 1 . Vardy 

12.  Portman 

13.  Hughes 


CAMBRIA  COUNTY 

14.  Roger  Mountain 

CLARION  COUNTY 

15.  Truittsburg 

CLEARFIELD  COUNTY 

16.  Gourley-Miller 

CLINTON  COUNTY 

17.  Leidy 

18.  Tamarack 


ELK  COUNTY 

19.  St.  Marys 

20.  Boone  Mountain 

21 . Owls  Nest 

22.  Belmouth 


ERIE  COUNTY 

23.  Summit 

24.  Corry 


N\/ 


8 


OIL  AND  GAS  DEVELOPMENTS  IN  1987 


NAMES  OF  ACTIVE  GAS  STORAGE  AREAS  IN  PENNSYLVANIA  (Continued) 


FOREST  COUNTY 

JEFFERSON  COUNTY 

25.  Queen 

37.  Sprankle 

26.  Duhring 

38.  Galbraith 

GREENE  COUNTY 

39.  Markle 

40.  Munderf 

27.  Majorsville-Heard 

28.  Swarts  West 

McKEAN  COUNTY 

29.  Swarts 

41.  Keelor 

30.  Hunters  Cave 

42.  Swede  Hill 

31 . Holbrook 

43.  Wellendorf 

32.  Pratt 

44.  East  Branch  "B" 

INDIANA  COUNTY 

MERCER  COUNTY 

33.  Alabran 

45.  Henderson 

34.  Kinter 

POTTER  COUNTY 

35.  Clark 

46.  Sharon 

36.  Schmidt 

47.  Hebron 

Figure  9.  Crude  oil  prices  in  Pennsylvania,  1987. 


Price  per 


Date  barrel 


January  1,  1987 $16.00 

May  6,  1987 17.00 

May  22,  1987 17.50 

June  18,  1987 18.00 

July  10,  1987 18.50 

July  15,  1987 19.00 

August  1,  1987 18.50 

August  26,  1987 18.00 

December  21,  1987 16.00 


5.  Centre-Clinton  County  area,  shallow  gas  well 
in  the  Lock  Haven  Formation,  about  4,500 
feet  deep.  Dry  hole,*  about  $17  per  foot. 
Completion,  about  $29  per  foot. 

6.  Crawford-Venango-Warren  County  area, 
deep  gas  well  in  the  Medina  Group  sand- 
stones, about  5,000  feet  deep.  Dry  hole,* 
about  $20  per  foot.  Completion,  about  $42 
per  foot. 

7.  Westmoreland-Fayette-Somerset  County  area, 
deep  gas  well  in  the  Ridgeley  Sandstone,  about 
7,800  feet  deep.  Dry  hole,*  about  $42  per  foot. 
Completion,  about  $62  per  foot. 

*No  completion  attempted. 

1987  DRILLING  AND  COMPLETIONS 

TOTAL  COMPLETIONS 

Pennsylvania’s  oil  and  gas  industry  reported  a 
total  of  2,085  wells  drilled  in  the  Commonwealth 


POTTER  COUNTY 

WASHINGTON  COUNTY 

(Continued) 

58.  Donegal 

48.  Ellisburg 

59.  Colvin 

49.  Harrison 

60.  Finleyville 

50.  Wharton 

WESTMORELAND  COUNTY 

51.  Greenlick 

61.  Seanor 

62.  Oakford 

TIOGA  COUNTY 

63.  Webster 

52.  Sabinsville 

64.  Patton 

53.  Palmer 

54.  Tioga 

55.  Meeker 

WARREN  COUNTY 

56.  Deerlick 

57.  East  Branch  "A" 

in  1987.  This  was  a 29  percent  decrease  in  activity 
from  the  1986  total  of  2,951  wells,  and  represents 
the  smallest  number  of  new  wells  reported  since 
1980.  The  total  includes  2,072  new  wells  and  13  old 
wells  drilled  deeper.  Of  these  2,085  wells  reported 
in  1987,  however,  only  638  (31  percent)  were  actual- 
ly drilled  in  1987.  Pennsylvania’s  oil  and  gas  in- 
dustry submitted  records  on  wells  drilled  and  com- 
pleted as  far  back  as  1974.  The  majority  (59  per- 
cent) of  the  wells  reported  in  1987  were  completed 
in  1984,  1985,  and  1986.  Figure  11  shows  the 
breakdown  of  wells  received  by  the  years  in  which 
they  were  completed. 

The  total  footage  drilled  in  all  reported  wells  de- 
creased 31  percent,  from  8,281,872  feet  in  1986  to 
5,709,665  feet  in  1987.  The  average  total  depth  in 
all  wells  drilled  was  2,749  feet,  a slight  decrease 
from  last  year’s  average  of  2,807.  The  eight  most 
active  counties  for  drilling  in  1987  were  Warren, 
Elk,  Indiana,  Venango,  Armstrong,  Clearfield, 
Crawford,  and  Erie  in  that  order.  Wells  in  these 
eight  counties  accounted  for  80  percent  of  all  wells 
reported  in  the  Commonwealth  during  the  year  (see 
Figure  12). 

OIL  COMPLETIONS 

The  oil  industry  in  Pennsylvania  reported  944  oil 
well  completions  during  1987,  including  1 old  well 
drilled  deeper.  This  number  represents  a 12  percent 
decrease  over  the  1986  total  of  1,077  wells.  Total 
footage  drilled  in  all  oil  wells  was  1,163,136  feet, 
a 14  percent  decrease  over  a year  ago.  The  average 
total  depth  for  all  new  oil  wells  was  1,233  feet,  a 
small  decrease.  The  most  active  area  for  oil  well 
drilling  was  Warren  County,  which  accounted  for 
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Figure  11.  Number  of  well  records  received  in 
1987  by  completion  date. 


Completion  No.  of 

date  wells 


1974  1 

1975  0 

1976  3 

1977  4 

1978  2 

1979  8 

1980  14 

1981  25 

1982  68 

1983  85 

1984  246 

1985  212 

1986  779 

1987  638 


TOTAL 2,085 


77  percent  of  all  oil  wells  reported  in  the  Com- 
monwealth in  1987  (Figure  13). 

GAS  COMPLETIONS 

Pennsylvania’s  natural  gas  industry  reported  996 
gas  well  completions  in  1987,  including  1 1 old  wells 
drilled  deeper,  a 38  percent  decrease  over  the  1986 
figure  of  1,603  wells.  The  total  footage  drilled  in 
all  gas  wells  was  4,091,704  feet,  a 34  percent  de- 
crease from  1986.  The  average  depth  for  all  new  gas 
wells  was  4,139  feet.  The  most  active  counties  for 
gas  well  drilling  were  Indiana,  Armstrong,  Clear- 
field, Crawford,  and  Erie,  accounting  for  57  per- 
cent of  all  gas  wells  reported  during  the  year.  These 
data  are  summarized  in  Figure  14. 

COMBINATION  OIL  AND  GAS  WELL 
COMPLETIONS 

(Not  Reported  Separately  as  Oil  or  Gas) 

The  Pennsylvania  Geological  Survey  classifies  a 
combination  oil  and  gas  well  as  any  well  that  pro- 
duces oil  as  a primary  energy-mineral  commodity, 
but  that  also  produces  at  least  50  Mcfgpd  (thousand 
cubic  feet  of  gas  per  day).  Most  oil  wells  drilled  in 
Pennsylvania  produce  a little  gas,  and  many  pro- 
duce enough  gas  to  be  sold  to  utilities  or  pipeline 
companies.  However,  if  the  well  produces  less  than 
50  Mcfgpd,  regardless  of  whether  or  not  the  gas  is 
sold,  it  is  classified  only  as  an  oil  well. 


Figure  12.  New  well  completions  and  old  wells 
drilled  deeper  in  Pennsylvania,  1987. 


NEW  WELL  COMPLETIONS 


County 

No.  of 
wells 

A verage 
total  depth 
(feet) 

Armstrong 

123 

3,509 

Beaver 

11 

1,921 

Bradford  

1 

6,118 

Butler 

12 

1,794 

Cambria  

10 

3,563 

Centre 

58 

4,855 

Clarion  

20 

2,265 

Clearfield  

116 

4,043 

Clinton  

21 

4,767 

Crawford 

108 

4,929 

Elk 

145 

2,463 

Erie  

95 

3,689 

Fayette 

7 

3,340 

Forest 

34 

1,541 

Indiana  

140 

3,732 

Jefferson 

28 

3,437 

McKean 

60 

1,895 

Mercer 

32 

5,045 

Potter 

21 

2,701 

Somerset 

7 

8,250 

Tioga 

2 

4,722 

Venango  

125 

3,655 

Warren  

806 

1,447 

Washington 

3 

2,502 

Westmoreland  

87 

3,667 

TOTAL 

2,072 

2,749 

OLD  WELLS  DRILLED  DEEPER 


A verage 
amount 


County 

No.  of 
wells 

deepened 

(feet) 

Allegheny 

1 

39 

Armstrong 

3 

1,957 

Elk 

1 

242 

Erie  

2 

1,238 

Greene 

1 

30 

Jefferson 

1 

2,053 

Warren  

1 

298 

Westmoreland  

3 

1,299 

TOTAL 

13 

1,146 

Pennsylvania’s  oil  and  gas  operators  reported  on- 
ly 9 new  combination  wells  in  1987,  an  85  percent 
decrease  over  the  1986  total  of  58  new  wells.  Total 
footage  for  these  9 wells  was  15,655  feet,  an  89  per- 
cent decrease  from  a year  ago.  The  average  depth 
for  the  wells  was  1,739  feet.  These  data  are  sum- 
marized in  Figure  15. 
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Figure  13.  New  oil  well  completions  and  old  oil 
well  drilled  deeper  in  Pennsylvania, 
1987. 

NEW  OIL  WELL  COMPLETIONS 


County 

No.  of 
wells 

A verage 
initial 
production 
(bopd)' 

A verage 
total 
depth 
(feet) 

Beaver 

9 

1 

1,628 

Bradford  

1 

0 

6,118 

Butler  

8 

4 

1,411 

Clarion 

2 

17 

1,270 

Elk 

55 

1 

2,481 

Erie 

1 

0 

2,720 

Forest  

30 

3 

1,546 

McKean 

45 

1 

1,808 

Potter  

10 

0 

1,554 

Venango  

49 

8 

855 

Warren 

730 

14 

1 ,095 

Westmoreland 

1 

2 

3,242 

TOTAL 

943 

12 

1,233 

OLD  OIL 

WELL  DRILLED  DEEPER 

County 

No.  of 
wells 

A verage 
initial 
production 
(bopd)' 

A verage 
amount 
deepened 
(feet) 

Warren 

1 

10 

298 

'bopd,  barrels  of  oil  per  day. 


DRY  COMPLETIONS 

A total  of  64  new  dry  holes  was  reported  in  Penn- 
sylvania in  1987.  These  wells  represent  a 58  percent 
decrease  in  the  number  of  dry  holes  from  1986, 
when  151  dry  holes  were  reported.  The  success  rate 
for  all  drilling  was  97  percent.  The  total  footage  for 
dry  holes  in  Pennsylvania  in  1987  was  255,575  feet, 
a 43  percent  decrease.  The  average  total  depth  for 
all  dry  holes  was  3,993  feet  (Figure  16). 

MISCELLANEOUS  WELLS 

Miscellaneous  wells  include  all  wells  that  cannot 
specifically  be  considered  oil-  and  gas-producing 
wells  or  dry  holes.  They  include  service  wells,  gas 
storage  wells,  and  junked  and  abandoned  wells.  Ser- 
vice wells  comprise  several  types:  stratigraphic  core 
tests,  drilled  to  collect  subsurface  information  such 
as  formation  thickness  or  the  effects  of  well  com- 
pletion on  various  rock  types;  water-supply  wells 
for  waterflood  projects;  fluid-injection  wells  for 
secondary  and  tertiary  recovery  of  oil;  liquid-waste 


Figure  14.  New  gas  well  completions  and  old 
gas  wells  drilled  deeper  in  Pennsyl- 
vania, 1987. 


NEW  GAS  WELL  COMPLETIONS 


County 

No.  of 
wells 

A verage 
initial 
open  flow 
(Mcfgpd)' 

A verage 
total 
depth 
(feet) 

Armstrong 

....  120 

562 

3,523 

Butler 

3 

66 

2,878 

Cambria  

7 

597 

3,471 

Centre 

51 

1,055 

4,849 

Clarion  

17 

57 

2,445 

Clearfield  

....  109 

540 

3,979 

Clinton  

13 

749 

4,674 

Crawford 

....  107 

1,398 

4,928 

Elk 

....  31 

257 

2,462 

Erie  

....  90 

1,317 

3,737 

Fayette 

7 

1,014 

3,340 

Forest 

4 

32 

1,505 

Indiana  

....  137 

762 

3,756 

Jefferson 

. . . . 28 

460 

3,437 

McKean 

9 

108 

2,148 

Mercer 

....  29 

1,091 

5,266 

Potter 

3 

102 

2,715 

Somerset 

4 

2,080 

8,492 

Venango  

71 

582 

5,515 

Warren  

67 

1,115 

5,302 

Westmoreland  

. . . . 78 

996 

3,808 

TOTAL 

....  985 

843 

4,139 

OLD  GAS  WELLS  DRILLED  DEEPER 


County 

No.  of 
wells 

A verage 
initial 
open  flow 
(Mcfgpd)' 

A verage 
amount 
deepened 
(feet) 

Allegheny 

1 

48 

39 

Armstrong 

3 

710 

1,957 

Elk 

1 

25 

242 

Erie  

2 

1,100 

1,238 

Jefferson 

1 

193 

2,053 

Westmoreland  

3 

857 

1,299 

TOTAL 

11 

651 

1,325 

'Mcfgpd,  thousand  cubic  feet  of  gas  per  day. 


disposal  wells;  and  gas-storage  observation  wells. 
Increases  and  decreases  within  this  category  do  not 
accurately  reflect  oil  and  gas  drilling  trends  because, 
for  instance,  an  oil  field  operator  may  drill  all  of 
his  water-supply  wells  and  fluid-injection  wells  sev- 
eral years  after  the  oil-producing  wells  have  been 
completed. 

In  1987  industry  reported  72  miscellaneous  wells 
in  Pennsylvania,  including  1 old  well  drilled  deeper. 
Of  these,  64  were  classified  as  service  wells.  This 
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Figure  15.  New  combination  oil  and  gas  well 
completions  in  Pennsylvania,  1987. 


Average  Average  Average 

initial  initial  total 

No.  of  production  open  flow  depth 


County  wells  (bopdf  (Mcfgpd)2  (feet) 


Erie 2 3 3,677  3,110 

Potter 3 3 50  1,348 

Warren 3 1 108  750 

Westmoreland....  1 4 130  3,141 


TOTAL 9 1 884  1,739 


'bopd,  barrels  of  oil  per  day. 

2Mcfgpd,  thousand  cubic  feet  of  gas  per  day. 
^Initial  production  not  reported. 


Figure  16.  New  dry  hole  completions  in  Penn- 
sylvania, 1987. 


County 

No.  of 
dry  holes 

A verage 
total  depth 
(feet) 

Armstrong 

3 

2,959 

Beaver 

2 

3,238 

Butler 

1 

1,600 

Cambria 

3 

3,779 

Centre 

7 

4,897 

Clarion 

1 

1,189 

Clearfield 

7 

5,037 

Clinton 

8 

4,919 

Crawford 

1 

4,986 

Elk 

4 

2,121 

Erie 

2 

2,563 

Indiana 

2 

3,795 

McKean  

2 

2,274 

Mercer  

1 

7,006 

Potter 

2 

4,101 

Somerset 

3 

7,928 

Venango  

5 

4,686 

Warren 

3 

2,548 

Washington 

1 

2,488 

Westmoreland 

6 

2,321 

TOTAL  64  3,993 


is  a 14  percent  increase  from  the  1986  total  of  56 
wells.  Fifty-three  of  the  service  wells  reported  dur- 
ing the  year  were  injection  wells  for  secondary  oil 
recovery  projects,  but  1 1 core  tests  were  also  re- 
ported. The  total  footage  drilled  in  these  64  service 
wells  was  151,315  feet,  a 36  percent  increase  from 
the  footage  drilled  in  1986.  The  average  total  depth 
for  all  service  wells  was  2,364  feet.  The  average  total 
depth  for  all  miscellaneous  wells  was  2,585  feet 
(Figure  17). 


Figure  17.  New  miscellaneous  well  completions 
and  old  miscellaneous  well  drilled 
deeper  in  Pennsylvania,  1987. 


NEW  MISCELLANEOUS  WELL  COMPLETIONS1 


A verage 

No.  of 

total  depth 

County 

wells 

(feet) 

Elk 

55 

2,470 

Indiana 

1 

290 

McKean  

4 

2,119 

Potter 

3 

6,932 

Tioga 

2 

4,722 

Warren 

3 

660 

Washington 

2 

2,509 

Westmoreland 

1 

1,720 

TOTAL  

71 

2,585 

OLD  MISCELLANEOUS  WELL  DRILLED  DEEPER 

A verage 

amount 

No.  of 

deepened 

County 

wells 

(feet) 

Greene  

1 

30 

‘Miscellaneous  well  completions  include  gas  injection,  water  in- 
take, stratigraphic  core  tests,  gas  storage  wells,  and  junked 

holes. 

DRILLING  AND  PRODUCTION 
ACTIVITY 

(Classified  as  Shallow  or  Deep) 

The  Oil  and  Gas  Geology  Division  of  the  Penn- 
sylvania Geological  Survey  classifies  oil  and  gas 
wells  as  shallow  or  deep  depending  on  the  strati- 
graphic level  penetrated,  rather  than  on  actual 
depth.  In  general,  wells  that  penetrate  the  top  of 
the  Tully  Limestone  or  its  equivalent  (the  present- 
ly accepted  Upper-Middle  Devonian  boundary)  are 
considered  deep.  Wells  that  do  not  penetrate  the 
Tully  horizon  are  generally  considered  shallow.  The 
exceptions  to  this  general  rule  involve  formations 
of  great  significance,  such  as  the  rocks  of  the  Meso- 
zoic basins  in  southeastern  Pennsylvania.  Because 
the  Appalachian  basin  is  wedge  shaped,  absolute 
drilling  depth  is  not  instrumental  in  this  classifica- 
tion. As  such,  a Lower  Silurian  Medina  Group  well 
along  the  shore  of  Lake  Erie  in  Erie  County  may 
be  only  2,500  feet  deep,  whereas  an  Upper  Devo- 
nian Lock  Haven  Formation  well  in  Centre  Coun- 
ty may  be  greater  than  5,000  feet  deep.  Yet,  the 
Medina  well  is  considered  deep  and  the  Lock  Haven 
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well  is  considered  shallow  on  the  basis  of  the 
stratigraphic  interval  penetrated. 

Shallow  wells  account  for  the  greatest  number  of 
wells  drilled  in  Pennsylvania;  they  may  produce  oil, 
gas,  or  both.  Deep  wells  are  rarer  than  shallow  wells 
because  of  increased  cost  and  risk;  they  most  com- 
monly produce  gas,  but  there  are  numerous  wells 
in  northwestern  Pennsylvania  that  also  produce  oil. 
Very  few  deep  wells  produce  oil  as  their  main,  or 
sole,  energy-mineral  commodity.  Figure  18  illus- 
trates shallow-well  drilling  activity  in  Pennsylvania 
since  1950,  and  Figure  19  shows  the  changes  in  deep- 
well  drilling  activity  during  the  period  1930-87. 

There  were  1,694  shallow  wells  reported  in  Penn- 
sylvania in  1987,  a decrease  of  30  percent  from  the 
2,412  wells  reported  in  1986.  This  1987  total  in- 
cludes 1,617  new  oil,  gas,  combination,  and  dry 
wells,  10  old  wells  deepened,  and  67  miscellaneous 
wells.  In  general,  both  the  shallow  oil  wells  and  the 
shallow  gas  wells  were  drilled  to  Bradford  Group 
reservoirs,  but  a substantial  number  of  each  pro- 
duced from  Venango  Group  reservoirs.  Subsidiary 
drilling  in  other  shallow  horizons  found  production 
in  the  (1)  Lower  Mississippian  “Murrysville”  sand; 
and  (2)  Upper  Devonian  Elk  Group  and  Lock 
Haven  Formations.  Shallow  oil-  and/or  gas-well 
drilling  in  Warren,  Elk,  Indiana,  Venango,  Arm- 
strong, and  Clearfield  Counties  accounted  for  80 
percent  of  all  shallow  drilling  reported  in  1987. 

Reported  deep  drilling  in  Pennsylvania  also 
decreased  markedly  in  1987.  During  the  year  391 
deep  wells  were  reported,  a decrease  of  28  percent 
over  the  1986  figure  of  539  deep  wells.  Drilling  to 
the  Lower  Silurian  Medina  Group  in  Crawford, 
Erie,  Venango,  Warren,  and  Mercer  Counties 
dominated  deep  drilling,  accounting  for  93  percent 
of  all  deep-well  activity.  Other  deep  formations 
drilled  during  1987  for  natural  gas  (and  oil)  pro- 
duction include  the  (1)  Middle  Devonian  Onondaga 
Formation  and  Huntersville  Chert;  (2)  Lower  Devo- 
nian Bois  Blanc  and  Oriskany  Formations,  and 
Ridgeley  Sandstone;  and  (3)  Upper  Silurian  Bass 
Islands  Dolomite  and  Salina  Group. 

Figure  20  shows  the  statistical  breakdown  for 
both  shallow  and  deep  wells  reported  in  Penn- 
sylvania in  1987.  Figure  21  illustrates  shallow-  and 
deep-well  drilling  in  terms  of  the  final  reported  pro- 
ducing formations. 

Shallow  production  totaled  122,944  Mmcf  of  gas 
and  3,167,183  bbl  of  oil,  whereas  deep  production 
accounted  for  40,374  Mmcf  of  gas  and  134,580  bbl 
of  oil.  Figure  22  shows  deep  gas  production  during 
the  year  by  field  and  pool.  In  Figure  23,  the  infor- 


mation in  Figure  22  is  summarized  by  showing 
amounts  of  gas  produced  from  the  various  deep 
reservoirs,  both  as  an  annual  total  and  as  cumula- 
tive totals.  Figure  24  illustrates  the  amount  of  pro- 
duction, the  yearly  average  unit  price,  and  yearly 
total  values  for  oil  and  gas  produced  in  Penn- 
sylvania since  1960. 


PENNSYLVANIA  DRILLING  AND 
PRODUCTION  RECORDS 

The  drilling  depth  record  for  Pennsylvania  was 
set  at  21,460  feet  by  the  Amoco  Production  Com- 
pany #1  Svetz  well  in  Somerset  County  in  1974.  The 
well  penetrated  the  top  of  the  Middle  Cambrian. 
This  is  also  the  deepest  well  drilled  in  the  Appala- 
chian basin.  The  deepest  producing  depth  in  Penn- 
sylvania is  13,168  feet  in  the  Texaco  U.S.A.  #1 
Commonwealth  of  Pennsylvania  Tract  289  well, 
which  was  completed  in  Lycoming  County  in  1985. 
Production  in  this  well  is  from  the  Upper  Ordovi- 
cian Bald  Eagle  Formation.  The  record  for  largest 
initial  production  of  gas  for  both  Pennsylvania  and 
the  Appalachian  basin  is  held  by  the  New  York 
State  Natural  Gas  #1  Finnefrock  well  in  Leidy  field, 
Clinton  County.  The  well  flowed  145,000  Mcfgpd 
without  stimulation  from  the  Lower  Devonian 
Ridgeley  Sandstone  at  6,339  feet  when  drilled  in 
1951.  The  largest  initial  production  for  oil  in  Penn- 
sylvania is,  once  again,  a basin  record.  The  Jen- 
nings Brothers  #\  Mathews  well  in  the  McDonald- 
McCurdy  field,  Allegheny  County,  reportedly 
flowed  between  12,000  and  21,000  bopd  (barrels  of 
oil  per  day)  from  the  Upper  Devonian  Venango 
Group  (“Fifth  sand’’)  in  1891. 


OIL  AND  GAS  EXPLORATORY 
AND  DEVELOPMENT  ACTIVITIES 

The  Pennsylvania  Geological  Survey,  Oil  and  Gas 
Geology  Division,  uses  a classification  scheme  for 
exploratory  and  development  drilling  that  is  modi- 
fied from  the  definitions  used  by  the  Committee  on 
Statistics  of  Drilling  of  the  American  Petroleum  In- 
stitute/American Association  of  Petroleum  Geolo- 
gists. All  wells  reported  here  are  the  same  as  those 
reported  under  drilling  and  completions  in  the  pre- 
vious section  of  this  report.  In  Figure  25,  drilling 
activity  in  Pennsylvania  in  1987  is  summarized  as 
exploratory,  development,  or  service. 
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Figure  1 8.  Shallow-well  activity,  1 950-87  (Late  Devonian  or  younger  producing  horizons;  generally  less 
than  4,000  feet  deep). 


NUMBER  OF  WELLS  COMPLETED 
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Figure  19.  Annual  rate  of  deep  formation  exploration  and  development,  1950-87  (Middle  Devonian 
or  older  producing  horizons;  generally  more  than  4,000  feet  deep). 


16 


OIL  AND  GAS  DEVELOPMENTS  IN  1987 


Figure  20.  Drilling  and  completion  of  wells 
reported,  1987  (according  to  geologic 
age  and  depth  of  producing  horizons ). 


Shallow — Upper  Devonian  and  younger 


NEW  WELLS 

Gas 621 

Oil 941 

Oil  and  gas  7 

Dry 48 

Total 1,617 

DEEPENED  WELLS 

Gas 9 

Oil 1 

Total 10 

MISCELLANEOUS  WELLS 

Water  injection 53 

Stratigraphic  core  tests  11 

Gas  storage 1 

Junked  holes'  2 

Total 67 

Total  shallow  wells 1,694 


Deep — Middle  Devonian  and  older 
NEW  WELLS 

Gas 364 

Oil 2 

Oil  and  gas  2 

Dry 16 

Total 384 

DEEPENED  WELLS 

Gas 2 

MISCELLANEOUS  WELLS 

Gas  storage 5 

Total  deep  wells 391 

TOTAL  ALL  WELLS  DRILLED 2,085 


'includes  1 deepened  junked  hole. 


DEVELOPMENT  WELLS 

A development  well  is  one  that  is  drilled  within 
a proven  area  of  production  to  a known  produc- 
tive stratigraphic  horizon.  A producing  well  in  such 
an  area  and  reservoir  is  classified  as  an  oil  or  gas 
development  well.  It  is  considered  a dry  develop- 
ment well  if  it  is  not  completed  for  production. 

Development  drilling  in  Pennsylvania  during  the 
year  decreased  by  28  percent,  from  2,786  wells  in 
1986  to  1 ,937  wells  in  1987.  The  success  rate  for  all 
development  drilling  remained  high  at  98  percent. 
It  should  be  pointed  out  that  “success”  means  sim- 
ply that  the  well  was  completed  for  production  with- 


out specific  reference  to  long-term  economic  via- 
bility. 

EXPLORATORY  WELLS 

An  exploratory  well  is  one  that  is  drilled  to 

(1)  find  and  produce  oil  or  gas  in  unproven  areas; 

(2)  find  a new  reservoir  in  an  area  previously  known 
to  have  oil  and/or  gas  production  in  another  reser- 
voir; or  (3)  extend  the  known  limit  of  a productive 
oil  or  gas  reservoir.  New  field  wildcats,  new  pool 
wildcats,  deeper  pool  tests,  shallower  pool  tests,  and 
outpost/extension  tests  make  up  the  exploratory 
categories.  If  the  well  is  drilled  as  an  exploratory 
test  and  is  not  completed  for  production,  it  is  clas- 
sified as  a dry  exploratory  hole. 

Exploratory  drilling  in  Pennsylvania  decreased 
during  the  year  by  26  percent,  from  103  wells  re- 
ported in  1986  to  76  wells  reported  in  1987.  Mea- 
sured as  a percentage  of  total  reported  wells, 
however,  exploratory  drilling  increased  from  3 per- 
cent in  1986  to  almost  4 percent  in  1987.  The  suc- 
cess rate  for  all  exploratory  wells  was  74  percent. 
This  is  an  increase  from  the  previous  year,  when 
only  60  percent  of  all  exploratory  wells  were  suc- 
cessfully completed.  Figure  26  shows  the  breakdown 
of  exploratory  drilling  by  classification.  All  ex- 
ploratory successes  and  the  more  important  ex- 
ploratory failures  of  1987  are  illustrated  in  Figure 
27,  and  these  wells  are  listed  in  Figures  28  and  29. 

HIGHLIGHTS  OF  1987 
EXPLORATION  AND  DEVELOPMENT 

As  in  previous  years,  shallow  drilling  dominated 
oil  and  gas  activity  in  Pennsylvania  in  1987.  Shallow 
targets  in  Pennsylvania  classically  include  a few 
Mississippian  sandstone  reservoirs  supporting  the 
more  numerous  and  more  prolific  Upper  Devonian 
sandstone  reservoirs  of  the  Venango,  Bradford,  and 
Elk  Groups  and  the  Lock  Haven  Formation.  In  ad- 
dition, several  deeper  or  more  “exotic”  reservoirs, 
such  as  the  Brallier  and  Catskill  Formations,  have 
recently  acted  as  subsidiary  reservoirs.  Figure  30  il- 
lustrates the  stratigraphic  positions  of  the  major 
Upper  and  Middle  Devonian  and  Lower  Mississip- 
pian reservoir  formations  in  western  and  north- 
central  Pennsylvania. 

Historically,  the  Venango  and  Bradford  Group 
rocks  have  been  the  primary  oil  and  gas  reservoirs 
in  Pennsylvania.  The  Venango  Group  reservoirs  are 
most  productive  in  the  western  half  of  Pennsyl- 
vania’s shallow  oil  and  gas  belt,  but  they  also  pro- 
vide important  production  in  most  of  the  gas  fields 
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Figure  21 . 


Oil  and  gas  well  completions  in  Pennsylvania  by  shallow  and  deep  producing  formations,  1987 


Combination 

Gas 

Oil 

Gas 

oil  and  gas 

storage 

Total 

Producing  formation 

wells 

wells 

wells 

wells 

wells 

S 

H 

A 

L 

L 

O 

W 


Mississippian 0 

Mississippian/Venango/Bradford 0 

Venango 238 

Venango/Bradford 1 

Venango/Bradford/Elk 0 

Bradford 703 

Bradford/Elk 0 

Bradford/Brallier  0 

Elk 0 

Catskill/Lock  Haven  0 

Lock  Haven 1 1 

Ohio  Shale 0 

Subtotal  943 


3 

0 

1 

4 

5 

0 

0 

5 

9 

3 

0 

250 

161 

1 

0 

163 

5 

0 

0 

5 

323 

3 

0 

1,029 

34 

0 

0 

34 

2 

0 

0 

2 

19 

0 

0 

19 

3 

0 

0 

3 

63 

0 

0 

64 

3 

0 

0 

3 

630 

7 

i 

1,581 

Marcellus/Onondaga 
Onondaga  Limestone 

Huntersville 

Huntersville/Ridgeley 
Bois  Blanc/Medina  . . 

Oriskany 

Ridgeley 

Salina 

Medina 

Subtotal  


0 

1 

0 

0 

0 

0 

0 

0 

0 

1 


1 

6 

2 

4 

1 

3 

2 

1 

346 

366 


0 0 1 

1 0 8 

0 0 2 

0 0 4 

0 0 1 

0 0 3 

0 5 7 

0 0 1 

1 0 347 

2 5 374 


GRAND  TOTAL 


944  996  7 6 1,955 


!One  deep  well  producing  shallow. 


east  of  the  Monongahela  and  Allegheny  Rivers,  par- 
ticularly as  commingled  or  subsidiary  reservoirs  to 
Bradford  Group  rocks.  The  reservoir  rocks  of  the 
Venango  Group  provided  primary  production  of  oil 
and/or  gas  in  250  wells  in  Pennsylvania  in  1987,  and 
commingled  production  in  173  others.  The  Brad- 
ford Group  is  typically  the  most  actively  drilled  and 
produced  sequence  of  rocks  in  the  Commonwealth. 
Fully  1,029  wells  produced  oil  and/or  gas  solely 
from  the  Bradford  Group,  and  209  others  produced 
primarily  or  secondarily  from  Bradford  Group  res- 
ervoirs. Only  two  small  new  pools  were  discovered 
in  the  Bradford  Group  in  1987.  Challenge  pool  in 
the  Boone  Mountain  field  of  Elk  County  was  dis- 
covered through  the  drilling  of  the  Empire  Explora- 
tion #1  NW  Mining  well  in  Fox  Township.  The  well 
had  an  after-treatment  open  flow  of  55  Mcfgpd  at 
2,135  feet.  Pine  Hill  Run  pool,  a deeper  gas  pool 
in  the  Foster-Reno  oil  field  of  Venango  County,  was 
discovered  through  the  drilling  of  the  Myers  Gas 
Company  #8  Conrail  Railroad  well  at  1,578  feet. 


The  Foster-Reno  field  produces  oil  from  the  Ve- 
nango Group. 

The  Elk  Group  consists  of  a few  thick  to  thin 
beds  of  sandstone  scattered  throughout  a thick  in- 
terval of  shales  and  siltstones.  Prior  to  the  drilling 
“boom”  of  the  early  1980’s,  Elk  production  was 
almost  restricted  in  Pennsylvania  to  the  northern 
counties,  specifically  McKean  and  Elk  Counties. 
Because  of  the  operators’  new  confidence  in  drill- 
ing deeper  in  established  fields  in  the  central  part 
of  the  oil  and  gas  belt,  however,  the  past  several 
years  have  seen  an  upsurge  in  wells  producing,  at 
least  partially,  from  Elk  Group  reservoirs.  In  1987, 
industry  reported  19  gas  wells  that  produced  ex- 
clusively from  Elk  Group  sandstones,  and  an  ad- 
ditional 39  that  had  commingled  production  from 
the  Elk  and  at  least  one  other  formation. 

The  Upper  Devonian  Lock  Haven  Formation  in 
Centre  and  Clinton  Counties  is  rapidly  becoming 
one  of  the  more  important  reservoir  formations  in 
the  Commonwealth.  Council  Run  field,  discovered 


Figure  22.  Gas  production  from  rocks  of  Middle  Devonian  or  older  age  in  Pennsylvania,  1987  (classified  as  "deep"  production). 
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T,  Tuscarora  Formation;  BE,  Bald  Eagle  Formation. 

4Estimated  figure  based  on  1985  and  1986  production. 
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Figure  23.  Deep  gas  production  in  Pennsylvania  from  1985  through  1987  by  producing  formations. 


Producing  formation 

Cumulative 
production  at 
end  of  1984 
(Mcf)' 

Production 
in  1985 
(Mcf)' 

Production 
in  1986 
(Mcf)' 

Production 
in  1987 
(Mcf)' 

Cumulative 
production  at 
end  of  1987 
(Mcf)' 

Marcellus  Formation 
(deep  black  shale) 

58,625 

17,305 

0 

0 

75,930 

Onondaga  Limestone 

1,685,378 

146,710 

86,523 

900,740 

2,819,351 

Oriskany  Sandstone,  Huntersville 
Chert,  and  Ridgeley  Sandstone 

1,266,154,358 

7,588,705 

4,849,013 

4,919,645 

1,283,511,721 

Bass  Islands  Dolomite  and  Helder- 
berg  Group  

57,731 

730,217 

432,865 

227,867 

1,448,680 

Salina  Group 

10,866 

15,336 

12,346 

3,721 

42,269 

Lockport  Dolomite 

25, 264, 070 

168,709 

32,486 

69,979 

5,535,244 

Medina  Group 

120,743,474 

28,523,833 

29,499,694 

33,698,069 

212,465,070 

Tuscarora  Sandstone 

2,783,700 

356,564 

404,366 

221,880 

3,766,510 

Bald  Eagle  Formation 

1,038,473 

753,687 

492,592 

332,582 

2,617,334 

Gatesburg  Formation  and  Little 
Falls  Dolomite 

205,200 

2,000 

0 

0 

207,200 

TOTAL  

21, 398, 001, 875 

238,303,066 

35,809,885 

40,374,483 

1,512,489,309 

'Mcf,  thousand  cubic  feet. 
2Corrected  figure. 


in  1981,  has  produced  4.9  Bcfg  (billion  cubic  feet 
of  gas)  from  the  Upper  Devonian  Lock  Haven  For- 
mation since  the  first  well  went  into  line  in  1983. 
This  is  a remarkable  amount  for  a shallow  Penn- 
sylvania gas  field.  The  high  productivity  of  this  field 
has  caused  numerous  companies  to  expand  their 
programs  into  adjacent,  unproven  areas.  A total  of 
64  wells  producing  solely  from  the  Lock  Haven,  and 
an  additional  3 producing  from  commingled  Cats- 
kill  and  Lock  Haven  reservoirs,  were  reported  in 
north-central  Pennsylvania  during  1987.  Two  of 
these  wells,  drilled  within  the  limits  of  the  main 
Council  Run  field  area  in  Snow  Shoe  Township, 
Centre  County,  had  very  large  natural  open  flows 
(greater  than  5,000  Mcfgpd),  indicating  that  the 
potential  for  finding  such  wells  is  still  high.  Lock 
Haven  sandstone  reservoirs  in  Clinton  and  Centre 
Counties  are  likely  to  continue  to  be  among  the 
most  interesting  and  exciting  reservoirs  in  Penn- 
sylvania for  years  to  come. 

The  single  new  Lock  Haven  discovery,  Brace 
Creek  field,  is  also  the  most  significant  well  reported 
in  1987.  The  Mark  Resources  #1  Caseman-Gross 
unit  well  was  drilled  in  1987  as  a 6,1 18-foot  test  of 
the  Lower  Devonian  Ridgeley  Sandstone  in  Spring- 
field  Township,  Bradford  County.  The  Ridgeley 
proved  to  be  unproductive,  but  a show  of  oil  be- 
tween 774  and  785  feet  in  the  Lock  Haven  Forma- 
tion was  interesting  enough  to  plug  back  and  test. 
After  stimulation  the  well  flowed  enough  oil  to  be 
commercial,  and  during  1987  produced  a total  of 


174  bbl  (Figure  2).  The  well  is  significant  from  sev- 
eral standpoints.  First  of  all  it  is  the  first  new  oil 
field  discovery  in  Pennsylvania  in  over  20  years.  It 
is  also  the  most  remote  oil  production  in  the  Com- 
monwealth. The  closest  oil  production  occurred  in 
the  Gaines  field,  on  the  Potter-Tioga  County  border 
approximately  50  miles  west  of  the  new  Brace  Creek 
field.  Production  in  the  Gaines  field  was  also  from 
very  shallow  Lock  Haven  reservoirs.  Establishment 
of  production  from  the  Lock  Haven  this  far  east 
will  hopefully  stimulate  the  industry  to  search  for 
shallow  reservoirs  throughout  north-central  and 
northeastern  Pennsylvania. 

Reported  drilling  for  gas  in  the  Upper  and  Mid- 
dle Devonian  shales  of  northwestern  Pennsylvania 
continued  in  1987.  However,  the  rate  at  which  such 
wells  are  drilled  and  reported  has  been  decreasing 
constantly  since  the  early  part  of  the  decade.  This 
is  probably  due  to  the  proliferation  of  municipal 
laws  regulating  well  drilling,  and  also  to  declining 
utility  prices.  Most  Devonian  shale  wells,  particular- 
ly those  in  Erie  County,  were  drilled  by  home- 
owners,  churches,  and  small  businesses  in  order  to 
combat  the  high  cost  of  natural  gas  supplied  by 
utilities  during  the  “boom”  years.  A few  of  these 
property  owners  are  still  drilling  shale  wells,  but  on- 
ly 3 new  wells  were  reported  in  1987,  as  compared 
with  19  in  1986  and  69  in  1985. 

Although  shallow  drilling  has  historically  domi- 
nated drilling  activity  in  Pennsylvania,  deep  drill- 
ing generally  is  more  interesting  and  more  produc- 
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Figure  24. 


Production,  unit  price,  and  total  value  of  crude  oil  and  natural  qas  produced  in  Pennsylvania 
(1960-87). 


Year 

CRUDE  OIL 

NATURAL  GAS 

Total  oil 
and  gas 
value 
( dollars ) 

Production 1 
(bbl) 

A verage 
yearly  price 
( dollars/bbl ) 

Total  value 
(dollars) 

A verage 

Production 2 yearly  price3 

(Mcf) 4 (dollars /Mcf) 4 

Total  value 
(dollars) 

1960 

5,942,000 

4.57 

27,154,940 

119,671,000 

0.26 

31,114,460 

58,269,400 

1961 

5,580,000 

4.76 

26,560,800 

98,318,000 

.26 

25,562,680 

52,123,480 

1962 

5,238,000 

4.63 

24,251,940 

87,308,000 

.26 

22,700,080 

46,952,020 

1963 

5,014,000 

4.63 

23,214,820 

92,340,000 

.26 

24,008,400 

47,223,220 

1964 

5,113,000 

4.48 

22,906,240 

85,322,000 

.26 

22,183,720 

45,089,960 

1965 

4,859,000 

4.20 

20,407,800 

82,668,000 

.26 

21,493,680 

41,901,480 

1966 

4,349,000 

4.33 

18,831,170 

91,365,000 

.26 

23,754,900 

42,586,070 

1967 

4,409,000 

4.35 

19,179,150 

89,966,000 

.26 

23,391,160 

42,570,310 

1968 

4,160,000 

4.35 

18,096,000 

87,987,000 

.28 

24,636,360 

42,732,360 

1969 

4,448,000 

4.29 

19,081,920 

79,134,000 

.26 

20,574,840 

39,656,760 

1970 

4,015,000 

4.27 

17,144,050 

77,535,000 

.27 

20,934,450 

38,078,500 

1971 

3,798,000 

4.47 

16,977,060 

76,451,000 

.30 

22,935,300 

39,912,360 

1972 

3,441,000 

4.60 

15,828,600 

73,958,000 

.45 

33,281,100 

49,109,700 

1973 

3,282,000 

5.73 

18,805,860 

78,514,000 

.45 

35,331,300 

54,137,160 

1974 

3,399,000 

8.43 

28,653,570 

82,735,000 

.50 

41,367,500 

70,021,070 

1975 

3,199,000 

9.26 

29,622,740 

84,772,000 

.80 

67,817,600 

97,440,340 

1976 

2,950,000 

11.51 

33,954,500 

89,974,000 

.85 

76,477,900 

110,432,400 

1977 

2,659,000 

14.22 

37,810,980 

92,293,000 

1.00 

92,293,000 

130,103,980 

1978 

2,820,000 

14.77 

41,651,400 

97,763,000 

1.25 

122,203,750 

163,855,150 

1979 

2,817,000 

23.67 

66,678,390 

96,313,000 

1.40 

134,838,200 

201,516,590 

1980 

2,940,000 

37.42 

110,014,800 

97,439,000 

1.50 

146,158,500 

256,173,300 

1981 

3,729,000 

36.33 

135,474,570 

122,454,000 

2.00 

244,908,000 

380,382,570 

1982 

4,282,000 

31.42 

134,540,440 

121,111,000 

2.80 

339,110,800 

473,651,240 

1983 

4,491,000 

28.18 

126,556,380 

118,372,000 

3.00 

355,116,000 

481,672,380 

1984 

4,825,000 

27.64 

133,363,000 

166,342,000 

3.25 

540,611,500 

673,974,500 

1985 

4,851,000 

25.12 

121,857,120 

150,541,000 

3.15 

474,204,150 

596,061,270 

1986 

3,783,000 

15.66 

59,241,780 

159,889,000 

2.50 

399,722,500 

458,965,642 

1987 

3,302,000 

17.23 

56,893,460 

163,318,000 

2.25 

367,465,500 

424,358,960 

‘Oil  production  figure  courtesy  of  the  Penn  Grade  Crude  Association. 
2Gas  production  figure  courtesy  of  the  American  Gas  Association. 
3Gas  prices  estimated  only. 

4Mcf,  thousand  cubic  feet. 


five  on  a per-well  basis.  This  is  especially  true  of 
Lower  Devonian  Ridgeley  Sandstone  wells,  which 
may  produce  between  25,000  and  150,000  Mcf  per 
year  from  complex  reservoirs.  Drilling  in  the  Lower 
Silurian  Medina  Group  sandstones  accounted  for 
the  largest  number  of  newly  reported  deep  wells  in 
1987,  continuing  a trend  set  in  1978.  Although  pro- 
duction from  the  Medina  is  not  as  good  as  from 
the  Ridgeley,  Medina  wells  are  generally  shallower 
(and,  therefore,  less  costly)  and  have  a higher  suc- 
cess rate  than  Ridgeley  wells.  The  addition  of  poten- 
tially higher  prices  for  Medina  gas  under  NGPA 
Section  107  (High-Cost  Gas)  also  has  made  these 
wells  attractive  in  the  last  10  years.  During  the  past 
5 years  deep  exploratory  activity  has  established  new 
production  from  a variety  of  Middle  and  Lower 
Devonian,  Upper  Silurian,  and  Upper  Ordovician 


rocks  that  have  little  or  no  previous  history  of  pro- 
duction. Figure  31  illustrates  the  stratigraphic  posi- 
tions of  deep  formations  in  western  Pennsylvania. 

There  are  very  few  areas  in  Pennsylvania  where 
the  Middle  Devonian  Onondaga  Formation  has 
provided  economically  recoverable  oil  and  gas.  The 
most  prominent  of  these  is  a “reef”  well  discovered 
in  1974  in  McKean  County.  Although  several  wells 
have  been  drilled  since  then  in  an  attempt  to  dupli- 
cate the  success  of  the  one-well  Cyclone  pool,  none 
have  been  found  to  be  productive.  Some  Onondaga 
production  was  reported  in  1987,  however.  Most 
of  this  came  from  a single  pool,  the  Meabon  pool, 
in  the  North  East  field  in  Venango  Township,  Erie 
County.  The  Meabon  pool  was  discovered  in  1986 
through  the  drilling  of  the  Vineyard  Oil  and  Gas 
Company  #1  Meabon  well,  which  produced  both 
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Figure  25.  Exploratory  and  primary  development  and  drilling  footage s reported,  1987  and  1986. 


Type  of  well 

1987 

Wells 

1987 

Footage 

1986 

Wells 

1986 

Footage 

Percent 
change 
in  footage 

Exploratory 

Gas 

54 

289,721 

58 

298,522 

Oil 

2 

8,838 

3 

3,702 

Oil  and  gas 

0 

0 

1 

2,800 

Dry 

20 

116,175 

41 

192,200 

Total  (percent  successful)  

76  (74%) 

414,734 

103  (60%) 

497,224 

-17 

Development 

Gas 

942 

3,801,983 

1,545 

5,920,079 

Oil 

942 

1,154,298 

1,074 

1,354,686 

Oil  and  gas 

9 

15,655 

57 

137,338 

Dry 

44 

139,400 

110 

257,991 

Total  (percent  successful)  

1,937  (98%) 

5,111,336 

2,786  (96%) 

7,670,094 

-33 

Miscellaneous 

Gas  injection 

0 

0 

28 

45,138 

Water  intake  

53 

125,567 

16 

37,128 

Stratigraphic  core  tests 

11 

25,748 

12 

29,255 

Gas  storage 

6 

31,960 

5 

2,868 

Junked 

2 

320 

1 

165 

Total 

72 

183,595 

62 

114,554 

+ 60 

TOTAL  ALL  WELLS  DRILLED 

2,085  (97%) 

5,709,665 

2,951  (95%) 

8,281,872 

-31 

Figure  26.  Exploratory  drilling  in  Pennsylvania 
by  classification  and  type  of  well, 
1987. 


Classification  and 

No.  of 

type  of  well 

wells 

Footage 

NEW  FIELD  WILDCATS 

Oil  

1 

6,118 

Dry 

4 

21,175 

Subtotal 

5 

27,293 

NEW  POOL  WILDCATS 

Gas 

11 

70,382 

Oil  

1 

2,720 

Dry 

1 

9,457 

Subtotal 

13 

82,559 

DEEPER  POOL  TESTS 

Gas 

7 

35,205 

Dry 

5 

33,324 

Subtotal 

12 

68,529 

OUTPOST  EXTENSIONS 

Gas 

36 

184,134 

Dry 

10 

52,219 

Subtotal 

46 

236,353 

GRAND  TOTAL  EXPLORATORY 
WELLS 

76 

414,734 

oil  and  gas  from  the  Onondaga  Formation  at  2,650 
feet.  Two  new  wells  reported  in  1987  produced  large 
quantities  of  natural  gas  from  the  Onondaga  in  the 
Meabon  pool,  including  one  that  had  an  after- 
treatment  open  flow  estimated  at  10,000  Mcfgpd. 
The  Vineyard  Oil  and  Gas  #6  Meabon  well  was 
completed  as  a combination  oil  and  gas  well  with 
an  after-treatment  open  flow  of  7,000  Mcfgpd  and 
200  bbl  of  oil  at  2,650  feet.  Still  others  had  gas  flows 
ranging  from  250  to  500  Mcfgpd.  It  was  originally 
thought  that  the  Meabon  pool  was  related  in  some 
way  to  the  faulted  “Bass  Islands  trend”  that  runs 
from  Erie  County,  New  York,  to  Erie  County, 
Pennsylvania.  However,  geophysical  logs  run  in 
Meabon  pool  wells  indicate  little  or  no  fracturing 
in  the  section.  Evaluation  of  those  logs  revealed  in- 
stead that  the  Onondaga  produces  from  rocks  that 
have  subtle  porosity  and  permeability  variations. 

Figures  32  and  33  illustrate  what  is  probably  the 
best  method  of  exploring  for  reserves  in  the  Onon- 
daga in  this  area.  Figure  32  shows  the  gamma-ray 
(GR)-log  and  photoelectric  (PE)-log  curves  for  the 
Marcellus  Formation  through  upper  Salina  Group 
in  the  Vineyard  Oil  and  Gas  #1  Klick  well  in  the 
Meabon  pool.  The  PE  curve  is  a measure  of  the 
photoelectric  absorption  of  gamma  rays  introduced 
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Figure  27.  Map  of  exploratory  wells  in  Pennsylvania  reported  in  1987. 


Figure  28.  Reported  new  field  and  new  pool  discoveries  in  Pennsylvania,  1987. 
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Mcf,  thousand  cubic  feet. 

2NFD,  new  field  discovery;  NPD,  new  pool  discovery;  DPD,  deeper  pool  discovery. 
3(D),  Devonian;  (S),  Silurian;  (O),  Ordovician. 


Figure  29.  Selected  exploratory  failures  reported  in  Pennsylvania,  1987. 
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Figure  30.  Schematic  diagram  of  Upper  and  Middle  Devonian  stratigraphic  units  from  the  surface  and 
subsurface  of  western  Pennsylvania. 
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Figure  31.  Generalized  diagram  of  the  major 
deep  (Tully  or  deeper)  formations  oc- 
curring in  the  subsurface  of  western 
Pennsylvania. 


into  the  formation  from  the  logging  tool.  Its  re- 
sponse is  closely  related  to  the  mineral  composition 
of  the  formation  matrix.  Readings  taken  from  the 
PE,  bulk  density,  and  neutron  curves  within  the  in- 
terval perforated  and  stimulated,  shown  on  Figure 
32  by  the  shaded  box  next  to  the  GR  curve,  were 
plotted  on  a matrix  identification  plot  (Figure  33). 


Figure  32.  Diagram  showing  the  gamma-ray-log 
and  photoelectric  (PE)-log  signatures 
of  the  Vineyard  Oil  and  Gas  #1 
J.  Klick  well  in  Venango  Township, 
Erie  County.  Formation  boundaries 
were  determined  from  gamma-ray- 
neutron-density  log  picks.  The  small 
shaded  box  to  the  right  of  the  gamma- 
ray  curve  in  the  Onondaga  Formation 
indicates  the  interval  producing  natu- 
ral gas. 

The  plots  reveal  a complex  matrix  mineralogy  of 
quartz,  calcite,  and  either  dolomite  or  clay  minerals. 
General  lithologic  descriptions  of  the  Onondaga 
from  northwestern  Pennsylvania  indicate  that  dolo- 
mite and  sandstone  are  not  represented  in  the  Onon- 
daga Formation,  but  that  chert  and  shale  are  com- 
mon accessory  constituents  of  the  formation.  The 
gas-bearing  zone  in  the  well  is  indicated  by  points 
plotting  upward  in  the  composition  triangle.  It 
seems  obvious  from  these  figures  that  the  Meabon 
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The  Matrix  Identification  Plot 

/>mao«U„,00 


® MID  plot  of  doto  points  colculoted  from  Onondoga  pay  zone 
A MID  plot  of  selected  doto  points  calculated  from  outside  of  Onondogo  poy  zone 


Figure  33.  Matrix  identification  chart  showing 
the  plotted  locations  of  data  points 
calculated  from  the  logs  of  the  Klick 
well  shown  in  Figure  32.  Matrix  iden- 
tification chart  based  on  Schlumber- 
ger  Well  Services  crossplot  chart 
CP-21. 


pool  is  primarily  a subtle  trap  in  the  cherty  facies 
of  the  Onondaga  Formation.  It  may  be  that  similar 
trapping  mechanisms  are  involved  in  other  Onon- 
daga pools  in  Erie  County,  but  this  has  not  been 
ascertained. 

Two  small  Onondaga  pools  were  reported  dis- 
covered in  Erie  County  in  1987.  These  included  the 
(1)  Sibleyville  pool  in  the  Drumlin  field,  Waterford 
Township,  discovered  through  the  drilling  of  the 
Vineyard  Oil  and  Gas  #3  Tracy  well,  which  had  an 
after-treatment  open  flow  of  about  1 bbl  of  oil  per 
month;  and  (2)  Oliver  Road  pool  in  the  Erie  field, 
Summit  Township,  discovered  through  the  drilling 
of  the  First  Assembly  of  God  Church  #2  Fee  well, 
which  had  a commingled  natural  open  flow  from 
the  Middle  Devonian  Marcellus  Formation  and 
Onondaga  Formation  of  150  Mcfgpd. 

Production  from  the  Lower  Devonian  Ridgeley 
Sandstone  in  the  central  part  of  western  Pennsyl- 
vania, and  its  equivalent  in  northwestern  Pennsyl- 


vania, the  Oriskany  Sandstone,  is  typically  high 
where  it  occurs.  Ridgeley  production  is  often  com- 
mingled with  production  from  the  overlying  Mid- 
dle Devonian  Huntersville  Chert  in  structural  plays 
related  to  intensive  fracturing  and  faulting  on  the 
depressed-core  anticlines  in  the  eastern  portion  of 
the  Appalachian  Plateau.  Oriskany  production, 
however,  is  most  often  due  to  the  coincidence  of 
subtle  structures  and  the  patchy  distribution  of 
sandstone.  Gas  is  often  found  where  a large  pod 
of  sandstone  occurs  in  association  with  a gentle  up- 
warp  due  to  salt  movement  or  dissolution  in  the 
Salina  Group.  These  reservoirs  typically  are  short- 
lived due  to  water  invasion,  but  the  production  may 
be  very  large,  and  stimulation  of  the  reservoir  is 
rarely  necessary.  Two  new  Oriskany  wells  reported 
from  Erie  County  in  1987  are  worth  mentioning. 
Both  wells,  the  Chautauqua  Energy  #\  Kozlowski/ 
Bernard  well  and  the  Richard  B.  Cross  #3  Fee  well, 
were  drilled  into  the  Car  Wash  pool  in  the  Erie  field, 
Millcreek  Township.  The  Kozlowski/Bernard  well 
reported  a natural  open  flow  of  5,000  Mcfgpd  from 
the  Oriskany  at  1 ,750  to  1 ,786  feet.  The  Cross  well 
had  a reported  4,500  Mcfgpd  natural  open  flow 
from  the  Oriskany  at  1,753  feet.  Such  open  flows 
are  typical  of  Oriskany  wells  that  produce  gas,  but 
because  of  the  problems  of  water  invasion  neither 
well  is  expected  to  produce  longer  than  5 years. 

In  many  of  the  deeper  fields  in  the  eastern  por- 
tion of  the  Appalachian  Plateau,  the  Huntersville/ 
Ridgeley  continues  to  be  an  important  target  for 
drilling.  In  1987  Pennsylvania’s  oil  and  gas  industry 
reported  21  new  wells  drilled  to  recover  gas  from 
Huntersville/Ridgeley  reservoirs;  of  these,  13  were 
successful  endeavors.  One  unsuccessful  new  field 
wildcat  was  drilled  in  Somerset  County,  3 unsuc- 
cessful deeper  pool  tests  were  drilled  in  Beaver, 
Clearfield,  and  Westmoreland  Counties,  and  2 un- 
successful new  pool  wildcats  were  drilled  in  Potter 
and  Somerset  Counties.  Seven  of  the  successful  new 
Huntersville  and/or  Ridgeley  wells  were  classified 
as  deeper  pool  tests  or  new  pool  wildcats,  and  the 
remaining  6 wells  were  classified  as  either  develop- 
ment or  outpost/extension  wells.  The  7 new  pools 
include  the  (1)  Elora  pool  in  the  Queen  Junction 
field,  Butler  County;  (2)  Air  Shaft  pool  in  the  Nolo 
field,  Indiana  County;  (3)  Lavansville  pool  in  the 
Bakersville  field,  Somerset  County;  (4)  Lookout 
pool  in  the  Seven  Springs  field,  Somerset  County; 
(5)  Cranberry  Lake  pool  in  the  Ohiopyle  field,  Som- 
erset County;  (6)  Distillery  pool  in  the  Seven  Springs 
field,  Somerset  County;  and  (7)  Silver  Mine  pool 
in  the  Linn  Run  field,  Westmoreland  County. 
Of  these,  the  most  interesting  is  the  Elora  pool  in 
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Butler  County.  The  Wilmoth  Interests  #1  Gutauskas 
well  was  drilled  to  the  Salina  Group  at  5,577  feet 
and  completed  in  the  Ridgeley  at  5,260  feet.  The 
initial  open  flow  was  small,  but  the  well  began  flow- 
ing better  after  being  shut  in  and  allowing  the  stimu- 
lation fluids  to  bleed  out  of  the  fractures.  This  well 
is  situated  about  1 mile  south  of  the  “Oriskany  no- 
sand area,”  a stratigraphic  and  porosity  pinchout 
zone  whose  proximity  is  responsible  for  much  of 
the  production  in  fields  such  as  the  giant  Punxsu- 
tawney-Driftwood  field  in  Clearfield,  Elk,  and 
Cameron  Counties  and  the  Leidy  field  in  Clinton 
and  Potter  Counties.  Discovery  of  the  Elora  pool 
extended  this  porosity  play  in  the  Ridgeley  Sand- 
stone approximately  50  miles  west  of  the  nearest 
such  production,  the  Elk  Run  pool  in  the  Frostburg 
field,  Jefferson  County,  and  should  pave  the  way 
for  new  drilling  along  the  southern  fringe  of  the 
‘‘no-sand  area.” 

The  “Bass  Islands”  trend  of  New  York  and 
Pennsylvania  consists  of  faulted  rocks  ranging  from 
the  lower  Onondaga  Formation  through  the  upper 
Salina  Group.  The  trend  was  first  known  for  cer- 
tain in  Pennsylvania  in  1983  when  the  Greenley  pool 
was  discovered  in  Waterford  Township,  Erie  Coun- 
ty. The  new  Dean  pool  was  reported  in  1987  with 
the  successful  completion  of  the  Vineyard  Oil  and 
Gas  #1  Dean  well  in  the  North  East  field,  Erie 
County.  The  well  was  originally  drilled  to  test  the 
Lower  Silurian  Medina  Group  at  3,920  feet,  but  was 
stimulated  in  the  Salina  between  3,105  and  3,138 
feet.  The  well  flowed  250  Mcfgpd. 

As  in  past  years,  the  Lower  Silurian  Medina 
Group  was  the  most  actively  drilled  deep  formation 
in  Pennsylvania  in  1987.  During  the  year,  347  suc- 
cessful Medina  wells  were  reported  from  the  five 
northwestern  counties  of  Erie,  Crawford,  Mercer, 
Venango,  and  Warren.  Of  these,  346  were  gas  wells 
and  1 was  a combination  oil  and  gas  well.  Because 
of  the  large  amount  of  drilling  for  Medina  reserves 
in  northwestern  Pennsylvania  since  1978,  there  is 
little  new  area  to  explore,  and  very  few  new  ex- 
ploratory wells  are  reported  in  any  given  year. 
Therefore,  the  number  of  exploratory  wells  typically 
decreases  from  one  year  to  the  next  regardless  of 
the  total  number  of  wells  reported.  The  one  ex- 
ploratory category  that  is  continually  reported  is  the 
deeper  pool  test.  Northwestern  Pennsylvania,  par- 
ticularly in  Venango  and  Warren  Counties,  contains 
numerous  small  oil  fields,  most  of  them  over  100 
years  old.  Each  of  these  fields  is  considered  a 
discrete  historical  entity,  even  though  many  are  only 
a few  square  miles  in  extent.  Medina  operators  drill- 
ing in  these  fields  for  the  first  time,  therefore, 


“discover”  new  reserves  in  deeper  pools  in  the 
fields. 

There  were  6 new  Medina  pools  reported  in 
Pennsylvania  in  1987,  2 each  in  Crawford,  Venan- 
go, and  Warren  Counties.  These  new  pools  includ- 
ed the  (1)  Motter  pool  in  the  Black  Ash  field,  Craw- 
ford County;  (2)  Crawther  pool  in  the  Fauncetown 
field,  Crawford  County;  (3)  Tecza  pool  in  the  Ham- 
ilton Corners  field,  Venango  County;  (4)  Cherrytree 
Run  pool  in  the  Toonerville  field,  Venango  Coun- 
ty; (5)  Cochene  pool  in  the  Tidioute  field,  Warren 
County;  and  (6)  Porky  Run  pool  in  the  Dotyville 
field,  Warren  County.  In  addition,  an  unsuccessful 
deeper  pool  test  was  drilled  in  the  Morrison  Run 
field  in  Warren  County. 

Cambrian/Ordovician  tests  are  rare  in  Pennsyl- 
vania, so  that  when  one  occurs  it  makes  news.  In 
1981  Cardinal  Oil  Company  drilled  the  #1  Ewig  well 
in  the  Conneaut  field  along  the  trend  of  historical 
production  in  the  Upper  Cambrian  Gatesburg  For- 
mation. Two  previously  successful  wells,  completed 
in  the  mid-1960’s,  were  the  discovery  wells  for  the 
Scull  and  Beaver  Center  pools  in  the  Conneaut  field, 
where  subtle  structure  coincided  with  an  unconfor- 
mity and  associated  porosity  development  at  the  top 
of  the  Cambrian  section.  The  Ewig  well  was  drilled 
approximately  halfway  between  the  two  pools,  but 
stimulation  of  the  Cambrian  dolomites  proved  un- 
successful. Cardinal  then  applied  to  the  Department 
of  Environmental  Resources  (DER)  for  a permit  to 
use  the  well  for  brine  disposal,  and  the  record  was 
kept  in  suspense  pending  DER  action.  Finally,  in 
1987,  Cardinal  stimulated  the  Medina  section  and 
obtained  a small  open  flow  of  100  Mcfgpd. 

North  Central  Oil  Company,  which  drilled  a 
10,500-foot  test  of  the  Triassic-Jurassic  Newark 
Supergroup  in  the  Newark  basin  of  southeastern 
Pennsylvania  in  1985,  drilled  and  plugged  a second 
well  in  1987.  This  second  well,  drilled  in  Mont- 
gomery County,  was  abandoned  before  the  end  of 
1987,  but  little  is  known  about  it  because  the  com- 
pany has  not  yet  submitted  a completion  report. 


GEOPHYSICAL  ACTIVITY  IN 
PENNSYLVANIA 

The  seismograph  is  the  principal  nondrilling  ex- 
ploratory tool  used  in  Pennsylvania  for  the  explora- 
tion of  oil  and  gas.  The  use  of  seismic  tools  is  ad- 
vantageous in  that  it  can  give  approximate  to  ex- 
cellent indications  of  the  attitude  of  rocks  (whether 
they  are  folded,  faulted,  tilted,  or  flat  lying)  and 
the  depth  of  potential  hydrocarbon  reservoirs  by 
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measuring  the  travel  time  for  vibrations  generated 
at  the  surface  to  reach  the  rock.  Mechanically 
generated  seismic  pulses,  especially  Vibroseis,  and 
explosive  techniques,  principally  dynamite,  are  the 
most  widely  used  in  Pennsylvania.  Seismic  work  is 
typically  performed  by  contracted  crews,  and  the 
intensity  of  activity  is  measured  in  crew-months. 

Seismic  activity  in  Pennsylvania  increased  in 
1987,  up  71  percent  to  7.5  crew-months  from  the 
4.39  crew-months  reported  in  1986.  Only  four  com- 
panies were  reportedly  involved  in  seismic  activity 
in  1987;  they  were  CNG  Development,  East  Re- 
sources, Columbine  Natural,  and  Felmont  Oil  Cor- 
poration. Surveys  were  reported  in  Bradford,  Clin- 
ton, Erie,  Indiana,  Lycoming,  Somerset,  and 
Sullivan  Counties. 

ACTIVITIES  ON  STATE  FOREST  AND 
PARK  LANDS 

Total  income  from  oil  and  gas  activities  on  Penn- 
sylvania State  Forest  and  Park  lands  during  1987 
amounted  to  $4,027,744.00.  This  income  was  pro- 
duced from  rentals,  including  bonuses  from  lease 
sales,  royalties,  gas  storage  rentals,  pipeline  and  com- 
pressor station  rentals,  and  seismic  surveys.  Royalty 
payments  for  the  year  amounted  to  $1,343,585.61 
for  4,353,476  Mcf  of  gas  and  $234.18  for  98.6  bbl 
of  oil  produced  on  State  land  or  from  unitized  acre- 
age. Rentals  for  existing  exploratory  acreage  and 
past  leasing  programs  totaled  $1,693,045.34,  and 
gas  storage  rentals  totaled  $970,508.89.  Other  in- 
come for  seismic  surveys  and  for  pipeline  and  com- 
pressor station  rentals  totaled  $20,370.38. 

During  the  year  191,613  acres  of  State  Forest  and 
Park  lands  was  offered  for  bid  for  oil  and  gas  ex- 
ploration in  71  tracts.  Of  this  total,  23  tracts  com- 
prising 70,678  acres  were  successfully  bid  and  placed 
under  lease  in  1987. 

At  the  end  of  1987,  a total  of  561,758  acres  of 
State  Forest  and  Park  lands  was  under  lease  for  oil 
and  gas  exploration  and  development.  In  addition, 
the  state  has  another  100,493  acres  under  lease  for 
gas  storage  located  in  10  different  gas  storage  fields. 

PROJECTS  IN  PROGRESS 
IN  1987,  OIL  AND  GAS 
GEOLOGY  DIVISION 

OIL  AND  GAS  BASE  MAPS 

The  Oil  and  Gas  Geology  Division  continues  to 
make  available  to  the  public  a series  of  7.5-minute 


oil  and  gas  base  maps.  The  series  covers  all  of  west- 
ern Pennsylvania’s  oil  and  gas  fields  and  the  areas 
of  central  and  eastern  Pennsylvania  where  explora- 
tory drilling  has  occurred.  The  series  is  accessible 
as  ozalid  (“blueline”)  reproductions  of  standard 
U.S.  Geological  Survey  7.5-minute  topographic 
maps  overprinted  with  well  symbols  and  identify- 
ing numbers.  The  topographic  portion  of  each  map 
is  subdued  so  that  the  well  information  stands  out, 
but  is  still  legible  on  a blueline  reproduction.  New 
well  information  is  added  periodically  during  up- 
dating of  the  map  series. 

Details  for  purchasing  base  maps  can  be  obtained 
by  contacting  the  Pennsylvania  Geological  Survey, 
Oil  and  Gas  Geology  Division,  121  South  Highland 
Avenue,  Pittsburgh,  PA  15206-3988,  telephone 
412-645-7057.  When  requesting  copies  of  the  maps, 
please  provide  the  7.5-minute  topographic  map 
name  of  each  map  desired.  Figure  34  shows  those 
portions  of  Pennsylvania  for  which  base-map  cover- 
age is  available. 

OIL  AND  GAS  RESERVOIR  ROCKS 
OF  PENNSYLVANIA 

by  Christopher  D.  Laughrey, 

Robert  M.  Harper,  and 
Antonette  K.  Markowski 

Work  on  the  reservoir  rocks  project  continued 
during  1987,  and  was  concluded  early  in  1988.  The 
study  includes  a compilation  of  petrologic  and 
petrophysical  data  from  the  various  hydrocarbon 
reservoir  rocks  of  the  Commonwealth.  The  report 
contains  discussions  and  illustrations  of  the  various 
reservoir  characteristics  of  the  producing  forma- 
tions in  various  areas  of  Pennsylvania.  The  study 
provides  the  following  information:  (1)  an  outline 
of  the  mineralogy,  texture,  diagenesis,  porosity,  and 
permeability  characteristics  of  the  principal  reser- 
voir rocks  in  each  of  the  general  productive  areas 
of  the  Commonwealth;  (2)  an  explanation  of  the 
variations  from  low-permeability  (“tight”)  to  high- 
permeability  (“sweet”)  zones  in  seemingly  similar 
reservoir  situations;  (3)  a description  of  the  en- 
vironments and  reservoir  configurations  of  gas  and 
oil  pools  in  Pennsylvania;  and  (4)  a discussion  of 
the  potential  reservoir  and  completion  problems 
that  operators  may  expect  to  encounter  in  different 
pools  in  the  state. 

The  study  entails  the  compilation  of  thin-section 
and  scanning-electron-microscope  (SEM)  petro- 
graphic data,  core  analyses,  X-ray  diffraction  data, 
and  geophysical  information.  The  completed  report 
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should  provide  operators  with  a comprehensive 
guide  to  geological  appraisal  of  Pennsylvania’s 
reservoir  rocks  and  make  available  fundamental 
data  for  planning  profitable  exploration  and  ex- 
ploitation programs. 

For  more  information  on  the  reservoir  rocks  proj- 
ect, contact  Christopher  D.  Laughrey  at  the  Oil  and 
Gas  Geology  Division  offices  in  Pittsburgh,  tele- 
phone 412-645-7057. 

GEOCHEMISTRY  OF  PETROLEUM 
SOURCE  ROCKS  IN  PENNSYLVANIA 

by  Christopher  D.  Laughrey 

The  Oil  and  Gas  Geology  Division  has  initiated 
a reconnaissance  geochemical  study  of  petroleum 
source  rocks  in  Pennsylvania.  Petroleum  source 
rocks  will  be  identified  and  correlated  to  reservoir 
hydrocarbons  through  determinations  of  organic 
content,  kerogen  types,  stable  isotope  chemistry, 
and  compositions  of  solvent-extractable  hydrocar- 
bons and  nonhydrocarbons.  Thermal  maturities  will 
be  determined  from  optical  and  physicochemical 
properties  of  kerogens  and  by  mathematical  model- 
ing. This  regional  geochemical  study  should  prove 
useful  in  determining  the  patterns  of  hydrocarbon 
generation  and  migration  within  exploration  and 
development  areas  in  Pennsylvania.  Such  data  are 
critical  to  the  future  development  of  petroleum 
reservoirs  in  the  state’s  mature  fields,  and  the  dis- 
covery of  new  fields  in  unexplored  portions  of  Penn- 
sylvania. 

The  project  is  scheduled  for  completion  in  the 
first  half  of  1989. 

PRELIMINARY  FEASIBILITY  STUDY  OF 
THE  COAL-BED  METHANE  RESOURCES 
IN  PENNSYLVANIA 

by  Antonette  K.  Markowski 

The  Oil  and  Gas  Geology  Division  has  begun  a 
preliminary  study  of  the  feasibility  of  producing 
natural  gas  from  Pennsylvanian  coals  in  the  western 
half  of  the  state.  Only  minor  work  has  been  con- 
ducted on  this  little-known  but  valuable  natural  re- 
source in  the  Commonwealth.  Because  of  the  grow- 
ing interest  nationwide  in  the  degasification  of  deep- 
lying  coals  having  high  methane  contents,  however, 
this  project  should  provide  useful  information  on 
a regional  basis  pertaining  to  coal-bed  methane 
resources  and  uses  in  Pennsylvania.  It  is  hoped  that 
the  project  will  promote  the  identification,  recovery, 
and  prudent  use  of  these  resources  within  the  Com- 


monwealth. The  general  objectives  of  the  study  are 
to  identify  the  potential  for  coal-bed  methane  pro- 
duction and,  assuming  that  this  potential  is  high, 
to  (1)  identify  key  areas  having  high  methane  con- 
tent; (2)  identify  possible  trends  of  high  methane 
content;  (3)  correlate  methane  content  with  various 
coal  seams  by  rank,  thickness,  and  burial  depth;  and 
(4)  assess  the  geologic  implications  of  coal-bed 
methane  as  a supplemental  and/or  alternative  ener- 
gy source. 

This  project,  which  is  scheduled  to  be  completed 
in  the  summer  of  1989,  should  be  of  general  interest 
to  the  coal-mining  industry,  the  oil  and  gas  industry, 
academic  and  industrial  customers  using  cogenera- 
tion power  plants,  and  the  general  public. 

OPEN-FILE  REPORTS  AND  OTHER 
DATA  AVAILABLE 

The  following  reports  and  other  data  are  availa- 
ble on  open  file  at  the  Pennsylvania  Geological  Sur- 
vey, Oil  and  Gas  Geology  Division,  7th  Floor, 
Highland  Building,  121  South  Highland  Avenue, 
Pittsburgh,  PA  15206-3988. 

Open-file 
report  no. 

1 Surface  to  Middle  Devonian  ( Ononda - 
gan)  Stratigraphy,  Part  I (STOMDES), 
1972,  by  D.  R.  Kelley  and  W.  R.  Wag- 
ner, 15  p.,  8 cross  sections,  vertical 
scale  1 inch  = 100  feet. 

2 Deep  Sand  Exploration  and  Gas  De- 
velopments in  Pennsylvania,  1986,  by 
L.  J.  Balogh,  2 map  sheets,  scale 
1:250,000. 

3 Salina  or  Equivalent  and  Deeper  Pene- 
trations of  Pennsylvania,  1973,  by 
D.  R.  Kelley  and  L.  J.  Balogh,  1 map, 
scale  1 :500,000  (last  updated  in  1979). 

4 Tully  and  Deeper  Formations,  Brine 
Analysis  of  Pennsylvania,  1973,  by 
D.  R.  Kelley,  L.  A.  Heeren,  and  oth- 
ers, 1 chart  and  map,  scale  1:500,000. 

5 Stratigraphic  Framework  of  the  Great- 
er Pittsburgh  Area,  Parts  I and  II, 
1972,  by  W.  R.  Wagner  and  W.  S. 
Lytle,  20  p.,  9 sections  in  13  sheets. 

6 Active  Gas  Storage  Areas  Map  of 
Pennsylvania,  1981,  by  L.  J.  Balogh, 
1 map,  scale  1:500,000  (updated  as 
needed). 

Subsurface  Rock  Correlation  Diagram, 
Allegheny  Plateau,  Pennsylvania, 
1979,  by  J.  A.  Harper,  1 sheet. 
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There  are  also  over  100,000  drillers’  records  and 
logs,  along  with  approximately  8,000  geophysical 
logs,  on  open  file  at  the  Pennsylvania  Geological 
Survey’s  Pittsburgh  office.  Approximately  44,000 
of  the  100,000  records  on  file  consist  of  well-data 
cards  compiled  by  the  U.S.  Geological  Survey  and 
the  Pennsylvania  Geological  Survey  between  1900 
and  1970  as  the  bases  of  topographic-map  quad- 
rangle reports.  In  addition,  the  Survey  has  a sam- 
ple library  containing  drill  cuttings  from  approxi- 
mately 1,200  wells,  and  a core  storage  library  con- 
taining cores  from  48  wells,  including  the  five  wells 
cored  under  the  U.S.  Department  of  Energy’s 
Eastern  Gas  Shales  Program.  All  cuttings  and  cores 
are  available  for  inspection  and  study. 

SUMMARIZED  RECORDS  OF 
REPORTED  DEEP  WELLS' 

IN  1987 

by  Christopher  D.  Laughrey  and 
Cheryl  L.  Cozart 

The  information  shown  in  Figure  36  was  com- 
piled mainly  from  drillers’  logs,  location  plats,  and 
geophysical  logs  received  from  the  Bureau  of  Oil 
and  Gas  Management,  as  well  as  personal  com- 
munication with  oil  and  gas  operators.  Well  records 
are  filed  with  the  Bureau  of  Oil  and  Gas  Manage- 
ment by  permit  numbers.  The  Oil  and  Gas  Geology 
Division,  Pennsylvania  Geological  Survey,  files  the 
records  in  order  by  county,  7.5-minute  topographic 
map,  and  permit  number. 

Most  of  the  formation  tops  and  total  depths  re- 
corded in  Figure  36  were  picked  from  geophysical 


Figure  35.  Types  of  geophysical  logs  and 
abbreviations. 


Caliper CAL 

Cement  bond  log CBL 

Continuous  directional CDR 

Compensated  density  log CDL 

Compensated  neutron  log CNL 

Dipmeter DIP 

Dual  laterolog DLL 

Dual  induction  log DIL 

Electromagnetic  propagation EPT 

Fracture  identification  log FIL 

Gamma  ray GR 

Gamma-ray  spectralog GRSPECTAL 

Guard  GD 

Induction  log IL 

Computer  interpretative INT 

Laterolog LL 

Merge MERGE 

Microspherically  focused  log MSFL 

Perforating  collar  log PCL 

Sibilation S 

Sonic SON 

Temperature T 

3-D  velocity VEL 

Radioactive  tracer TRACER 

Sidewall  neutron  porosity SNP 

Variable  density  log VDL 


logs  of  many  varieties  (see  Figure  35  for  a list  of 
these  logs  and  their  abbreviations).  The  logs  re- 
ceived for  a particular  well  are  listed  in  Figure  36 
along  with  the  logged  interval.  Tack  of  this  informa- 
tion indicates  that  no  geophysical  logs  were  received 
and  that  formation  picks  were  taken  directly  from 
the  drillers’  logs.  The  records  are  listed  alphabeti- 
cally by  county  and  numerically  by  permit  number. 


Wells  that  penetrate  rocks  of  Middle  Devonian  or  older  age. 


Figure  36.  Summarized  records  of  reported  deep  wells  in  1987  that  penetrated  rocks  of  Middle  Devonian  or  older  age. 
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OIL  AND  GAS  DEVELOPMENTS  IN  1987 
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Figure  36.  (Continued). 


58 


OIL  AND  GAS  DEVELOPMENTS  IN  1987 


SO  on 

CO 

o o 

CO  aj 

1 I 

o 

o o 

1 

1 

i 

i i 

i i 

so 

o in 

sO 

CO  CM 

CO  3 

so  in  on 

3 

m on 

on  on  on 

CM 

c\j  3 

-c— 

■<  a 

on 

M 

** 

Q _J 

•-  in  tj 

O _) 

(0 

m 

CO 

nj 

in 

ex 

0) 

•H 

aj  m 

o 

1 

1 

1 1 

i i 

i i i 

| 

c 

CM 

■— 

co 

as 

C— 

co 

SO  C- 

O sO 

CO  CM 

CM  CM 

CM  CM  CM 

o 

CM 

in 

X 

c 

3 *— 

c 

— > c 

CD 

CO 

3 

on  on  0sJ 

—A 

i-> 

4-> 

s 

so 

1 1 3- 

<0 

CD 

aj  on 

-A>  CO 

i 

o 

in  in  i 

i 

1 

1 1 

1 1 

1 1 1 

1 

sO 

o as 

3 OSOO 

CM  SO 

in 

CM 

on  co 

on  on 

on  on  cn 

\ a- 

>-  CQ 

CO  CO 

CO 

cd 

<D 

—i 

CO 

3 

3-  3-  OS 

■o 

= 

s 

sO 

0)  • 

4->  O 

aj  on 

a 

O O O 

i 

i 

i 

1 

■h  3 

sO 

CM 

CM 

O CM 

sO  o 

r-OCO 

in 

so 

in  as 

sO  CM 

3 SO  «- 

C 

aj 

in  ° 

O O 

CM 

•— 

CM 

CM 

CM 

cm  on 

on  on  cn 

CC  CC  •• 

a o -J 

a a 
o 

CO 

CO 

C 

iv 

o 

3-  CSJ 

1 3 O 

60 

O 1 3 

T3 

CO 

as 

in  o i 

AJ  0-1 

a 

i i 

cucoo 

CM 

o 

CO 

CM  so 

co 

M 

CO 

o in 

sO 

on 

QJ 

m o 

nj 

«— 

CM 

CM 

CM 

cm  on 

on  on 

f— 

V.  >s  O 

H 

z 

q a 
o 

C^- 

in 

m 

CO 

so 

sO 

cc 

(0 

AJ  0-1 

o 

Os 

i 

1 

1 

1 

i i 

i l 

o o 

in 

on 

3 

on 

on  on 

m on  m 

a 

X 

CO 

CO 

c 

o 

A-> 

. - 

3 _ 

cn 

fa  J >. 

• O 

cc 

OS 

0) 

AJ  O 

CO 

o 

on 

i 

i 

1 

1 

i i 

i i 

1 

so 

in 

in 

o 

T— 

0- 

as 

t — 1~- 

on  co 

*—  as  t— 

co 

o 

CM 

on  co 

CM 

CM  CM 

on  on 

H 

a 

o 

- 

CO 

CO 

o as  so 

to 

sO 

i i i 

cc 

• on 

a 

so  o in 

i 

1 

1 

1 1 

i i 

i i i 

so 

CO 

ao 

as 

in 

CM 

on  on 

u a o 

cno  -a  o 

> 

U Q d 

c 

C— 

sO 

• o 

cc 

>» 

AJ  o 

1 

o 

CM 

I 

1 

i 

i i 

i i i 

—1  3 

fa  - 

fa  - 

3" 

CM 

o 

O 

co 

3 O 

so  CM 

SO 

so  f— 

- i-nsD 

-J 

CM 

in  o' 

-3 

O 

on 

Cd 

C-— 

o-i 

H 

0) 

CO  = 

1 

c— 

cc 

os 

(0 

a 

f— 

1 

1 

i 

i i 

1 1 

| 

AJ  - 

fa  - 

a> 

CM 

3 

3 

3 

c—  o 

co  co 

co  cm  co 

sO 

3 cm  as 

l 

o 

CM 

on  3 

>> 

CO  o 

cc 

a 

e 

o 

o 

X 

4> 

_o 

E 

Z 

v E 

$ 

o 

O 

a. 

I 

O 

z 

< 

o 

o 

3 

0 

1 
o 

Z 

o 

o 2 
z < 
< £ 
£ £ 
>Z 

£ o 

z 

o 

s 

JDAGA  LIMESTONE 
ERSVILLE  CHERT 

z z 
o o 

Q O 

z z 
< < 

zi: 

< .71 

IAN  - DEVONIAN 
ARBONATES 

2 
O 
3 O 
O O 

OC  !_ 

O cc 

<o 

2 

o 

aj  O 
<° 
I t 

^ o 

“ 3 

£ o 

Z 

O 

z ►- 

o-S 

5 < z 

S5S 

£<o 

vlO 

o 

< 

2 

O 

z 

o 

z 

Z 

o 

< 

s 

o 

o 

z 

l_» 

< 

> 

Z 

o 

z 

u 

3 

X 

o 

< 

z 

g 

< 

s 

o 

3 

o 

u 

2 

< 

z 

O 

O 

Q 

< 

3 

o 

< 

O 

z 

o 

< 

o 

1 

o ® 
o 

>- 

3 

§1 

* 3 

cc  ° 
O cc 

z * 

_>  u 
< O 

cc  “ 

5 O “ 

— CD  x 
« < > 
O u > 

IAJ 

3 

o 

o 

o 

o 

o 

< 

O 

o 

3 

SUMMARIZED  RECORDS  OF  DEEP  WELLS 


59 


<x>  o t.  n 

- =T  — < 3 U T3 

JS  O 

E-.cn  o r ® 
n © 4->  o.  jj  — • 


00  <0 
CL 
c s 


■ E H ®T3 
- Q.  t_  O — ' -H 
.00)00-0) 


o o 

CT\  o 


O (1  « t. 
O CL  > « 
r—  a;  sz 
o-oo 


o o 
o ° 
<M  (\J 


O V 0.0-  o HH 
X -i  o t-  o o © 

m f-i  0>  CL  CD  — < 

o a ® d o) 


0)  CO 
i.  c\i 


T3  B 
0.  O 
10  O 


o con 
s o-  ao  © o n 

on  B Cl  CU  TO 


X O rH  o*)- 
o n o)  -o  o.  o 
o o cl  > no 
O - © © z 

in  t—  in  to  X 


©co 

o-  t\J 
u i 


o.  n 
© © 
5 0= 


X ^ o.  o -i 
-.OJ-© 

o n •— i o 

o a©xi  c 


x —i  o o.  o o © 
m r- 1 o cl  c — < 

O CL  © jD  O 0-. 


VO  <U 
CO  CO 
COCO 


co  o c n 

c-  vO  — . o h u 0 

o >—  n .0  o r-i 
X -v.  c n o .c  © 

~H  © © CL  4->  — ( 

O n -L>  2:  C, 

O CL  X o 

in  © z 


© co 

0.  eg 
Cd  I 


vo  in 
co  r— 
VO  vo 


o c 

Oh  © 

o cvj  b : 


o o 
z z 
< < 


is 

O x 


: <0 

-xO 


a < > 
O u > 


Figure  36.  (Continued). 
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Figure  36.  (Continued). 
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Figure  36.  (Continued). 
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Figure  36.  (Continued). 
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Figure  36.  (Continued). 
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